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I Introduction. 

X. General Remarks on Pat Composition. 

The composition of fats is of considerable importance in assessing their 
nutritional value. Not only may the types of fatty acids be related to 
the physiological activity, but the arrangement of these fatty acids in the 
triglyceride molecules appears to be involved. In addition to the tri¬ 
glycerides, which compose the major portion of natural fats, a number 
of substances are present in the dissolved state which may contribute to 
the dietary value of the fat. These include the phospholipids, which 
aid in the emulsification of fats since they are soluble in both water 
and lipids; and they are excellent sources of such important constituents 
in the animal economy as choline and phosphoric acid. In addition, there 
; occur a number of components which may be of some nutritional importance 
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in the non-saponifiable extract of fat. Such substances are the fat-soluble 
vitamins, the sterols, the hydrocarbons, and in some cases, the higher 
alcohols. 

The fatty acids found in the common animal and vegetable fats are 
relatively few in number. In the group of saturated acids which have the 
characteristic formula, C^H^n+i'COOH, palmitic and stearic acids are 
almost invariably present, while many fats contain large proportions of 
myristic and lauric acids. In the list of unsaturated acids, oleic acid must 
be regarded as an almost universal component of natural fats. Linoleic 
and linolenic acids likewise are frequently present in fairly large amounts 
in vegetable fats, althoiigh they occur usually in small proportions if at 
all in animal fats. The chief fatty acids which have been identified in 
various natural fats are listed in Tables i and 2. 


Table i. Summary Table Listing Saturated Fatty Acids Found in 

Common Fats {70). 


Fatty add 

Formula 

Source with highest 

Source 

content 

i % of 

; total fat 

Other good sources 

Butyric 

CHgiCHjlaCOOH 

Butter (cow) 

4 

Milk fat of various 
species 

Caproic 

CH3(CHa)4COOH 

Coconut 

2 

Butter, palm nut oils 

Caprylic 

CH3(CH2)gCOOH 

Coconut 

10 

Butter, palm nut oils 

Capric 

CH3(CH2)8C00H 

Elm 

i 

50 

Coconut, butter, 
palm nut oils 

Lauric 

CH,(CH,),oCOOH 

Cawal-Kurundu 

1 

86 

Laurel oil, sperma¬ 
ceti, babassu, palm 
kernel 

Myristic 

CH3(CH2 )i2 COOH 

Nutmeg butter 

77 

Kombo, dika, ucu- 
huba 

Palmitic 

CH8 (CHj)jl4 COOH 

Japan wax 

77 

Many animal and ve> 
getable fats 

Stearic 

CHalCHjligCOOH 

Allanblackia 

57-^^3 

Many animal and ve¬ 
getable fats 

Arachidic 

CH8(CHa)i8COOH 

Rambutan tallow 

35 

Peanut oil 

Behenic 

CH3(CH2)2 oCOOH 

Xylia xylocorpa 

17.3 

Niam, peanut oil, oil 
of Ben 

Lignoceric 

CH8(CH2)a8COOH 

Coral tree 

26 

Peanut oU, rapeseed 
oil, cerebrosides 

Carnaubic 

Ca 4 H 4802 (?) 

— 

— 

Carnauba wax 

Cerotic 

CH 8 (CHa) 24 COOH 

— 

— 

Beeswax, wool fat, 
opium wax 


Within the last few years the methods for identification and for deter¬ 
mination of the individual fatty acids have vastly improved so that at 
present they have considerable sensitivity and precision. Daubert (70) 
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Table 2. Summary Table Listing Unsaturated Fatty Acids Found in 

Common Fats (70). 


Common 

name 

Systematic name 

Source with highest content 

! % of 

i total fat 

Other sources 

Crotonic 

2-Butenoic 



Croton oil 

Tiglic 

CsH,0, 

__ 

— 

Croton oil 

Oleic 

aS-9-Oct.'ideCenoiC 

Coula 

95 

Many animal and 
vegetable fats 

Elaidic 

/mws-(>-Octadcce- 

noic 



Hydrogenated 

fats 

Petrosclenic 

6-Octa d ecenoic 

Parslej’^ 

76 

Umbelliferae oils 

Erucic 

13-Docoscnoic 

Nasturtium 

82 

Cruciferae oils 

Linoleic 

y, 12-Octadeca- 
dienoic 

SafflowtT 

78 

Idnseed and cotton¬ 
seed oils 

Tariric 

6-Octadecinoic 

Tariri (Picrani- 
nia Sow) 

95 

— 

Linolenic 

<.),i2,i5-Octadeca- 

trienoic 

Perilla oil ' 

70 

Linseed oil 

Elaeostcaric 

1,13-Octadeca- 
trienoic 

'Fung oil 

75-95 

— 

Arachidonic 

5,8,11,14-Eicosa- 

tetraenoic 

“ 1 


Animal fat, plios- 
' phatides 

Clupanodonic 

4,8,12,15,19-Doco- 
sapentaenoic 

i 

i 

Japanese sardine oil 


has summarized the most widely used methods for determination of fatty 
acids as follows: 

a) Non-solvent Crystallization, whereby higher melting fatty acids can 
be separated by chilling from those having lower melting points. 

h) Crystallization from Solvents. This can be brought about by separa¬ 
tions of the barium, magnesium, or lead soaps of the solid fatty acids 
from those of the liquid fatty acids. This procedure is successful only 
to a limited extent. 

A second method involves the separation of the fatty acid bromine 
addition products such as the solid tetrabromide of linoleic acid or the 
hexabromide of linolenic acid, both of which are insoluble in petroleum 
ether. Due to complex mutual solubilities of . isomers this test is only of 
limited use. A third technique employing solvent crystallization which has 
been especially successful of late is low-temperature crystallization from 
acetone. The procedure has been developed in the laboratory of J. B. 
Brown {44). By this method many naturally-occurring unsaturated fatty 
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acids such as oleic, linoleic, linolenic, erucic, and ricinoleic, can be sepa¬ 
rated from each other as well as from the saturated acids* 

c) Fractional Distillation of methyl or ethyl esters is by far ^ the most 
accurate and widely-used method for the isolation and the determination 
of the individual fatty acids (jj, 252, 26g, J55). 

d) Chromatographic Separation, Only a condensed extract of recent 
developments in this field can be given and the reader must be referred 
to special monographs (363) . A number of procedures for applying parti¬ 
tion chromatography have recently been described which effectively 
separate fatty acids from each other. Smith (318) first employed silica 
gel partition chromatography for the resolution of formic, acetic, pro¬ 
pionic, w-butyric, and w-valeric acids mixtures, in chloroform + 1% 
butanol, into the component acids. Although the butanol-chloroform- 
water system has been satisfactorily used by others (106, 2yo) for the 
separation of to C4 acids, it is not effective for longer-chain compounds; 
however, on buffering the silica gel tube, Movlk et al. (246) were able to 
effect a separation of the Cg to Cg acids and also to separate partially 
the isomeric forms of valeric acid. Peterson and Johnson (262), by 
employing a benzene-aqueous sulfuric acid in Celitc-packed tubes, could 
separate the formic acid and the even-chain acids from Cg to Cjo from 
each other. This technique is also applicable for the separation of unsaturat¬ 
ed acids from each other (273). Thus, it offers a method for separation of 
oleic from linoleic acid which cannot be accomplished by fractionation. 
A methanol-isooctane mixture has found application in partition chromato¬ 
graphy for saturated fatty acids of intermediate length {271), When fur- 
furyl alcohol and 2-aminopyridine arc used as the immobile solvent and 
w-hexane as the mobile phase on a silica gel column, to C19 fatty 
acids can be effectively determined (272), cf, also Boldingh (J5 «). 

Although the elution technique has been applied to chromatography by 
Cassidy (55, 56) and by Kaufmann and Wolf (20r), the separations 
were not complete. A modification of this procedure called “displacement 
analysis" appears to be much more effective in the separation of com¬ 
ponents of members of the homologous series. By the use of silica gel 
columns and heptane as the solvent, Claesson (59) has been able to 
separate saturated, unsaturated, and branched-chain fatty acids. Holman 
and Hagdahl [177) succeeded in making a Jair separation of the to 
^22 acids by displacing the fatty acids from a column of charcoal and 
Hyflo Super Cel with cetyl pyridinium chloride or picric acid. In a later 
study, the same authors [178) used the fatty acids themselves as the dis¬ 
placing agents and effected a separation. of the acids from Ci to C22. 
Adsorption on silicic acid has likewise been found to be an effective 
method for the isolation of methyl linoleate and methyl linolenate in 
pure form {278), 





6 


H. J. Deuel, Jr. and S. M. Greenberg: 


e) Counter current Distribution. This method, which has recently come 
into prominence as a new analytical procedure (62, 63), can likewise be 
applied for the separation and quantitative estimation of Cg to C5 acids 
(297). Using an isopropyl ether —2,2 M-phosphate buffer system at 
pH of 5,17, the determination can be made with a 2 to 3% accuracy. 

f) Ultraviolet Spectroscopy is another method which has proved of 
use in identification of some fatty acids. It is possible from such data to 
distinguish not only the fatty acids containing 2, 3, or 4 double bonds, 
respectively, but also to differentiate compounds containing conjugated 
and non-conjugated double linkages. 

g) Raman Spectroscopy. The determination of the patterns of the 
Raman spectrograms are useful not only in distinguishing conjugated 
bonds but also in differentiating geometrical isomers. Thus, van den 
Hende (344) has reported that oleic acid and oleates can readily be 
identified as cis compounds, and elaidic acid and elaidates as the cor¬ 
responding trans forms, on the basis of the lower frequencies in the 
spectrogram of the former type. 

h) Determination of the Triglyceride Structure. The nutritional value 
of a fat is determined not only from its fatty acid composition but also 
from the arrangement of these fatty acids in the glyceride molecules. 
Most natural fats contain only small quantities of ''simple” triglycerides 
in which the three fatty acid molecules are identical. It was formerly be- 
li.ved that the entire fat was so constituted; this arrangement of 
fatty acids is termed the *'mono-acid triglyceride” theory. 

By far the greatest portion of any fat is composed of "mixed” tri¬ 
glycerides in which two or in some cases three different fatty acids are 
present as esters of a single glycerol molecule. The determination of the 
component triglycerides is much more difficult than the establishing of 
the composition of a fat in terms of its fatty acids. The structurally- 
adjacent members in the analogous series of triglycerides differ so little 
in physical and chemical properties from each other that their separation 
is virtually impossible by any direct method. Furthermore, such an 
excellent procedure as fractional distillation is not applicable for the 
resolution of triglyceride mixtures. 

One of the most widely employed methods for the determination of 
triglyceride structure is the oxidation technique of Hilditch and Lea {162) 
which is described in the first survey by Hilditch in these FortschriUe 
(161). When the fats are oxidized by permanganate in acetone solution, 
the ethylenic linkages are split and two carbons are oxidized to carboxyl 
groups. The water-soluble azelaeo-glycerides thus obtained can be readily 
separated in form of their alkali salts from the stable saturated tri¬ 
glycerides. 
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In their earlier work, Hilditch and his co-workers likewise employed 
complete and partial hydrogenation to study glyceride composition. 
However, since the exact sequence of events in the hydrogenation of a 
complex mixture of glycerides, having different degrees of unsaturation, 
is uncertain, Hilditch now believes that this technique does not contribute 
much to the knowledge of the triglyceride structure. In his more recent 
studies, Hilditch has employed the low-temperature crystallization 
method of Brown {44) for investigation of the mixed glycerides in natural 
fats. By the use of different solvents and temperatures, some mixed 
triglyceride fractions can be obtained which are much less complex than 
those in the original fat. By the investigation of the composition of these 
fractions it is possible to make deductions on the probable composition 
of the triglyceride mixture. 

The occurrence of a number of simple triglycerides in fats has been 
proved by actual isolation of these compounds. Such representatives as 
trilaurin, trimyristin, tripalmitin, triolein, trilinolin, trilinolenin, tri- 
erucin, triricinolin, trielaeostearin, as well as traces of tristearin have 
been proved to be present in fat. On the other hand, only two mixed 
triglycerides have been proved to occur with certainty. These include 
2-oleyldistearin, present in kokum butter, cocoa butter, and the tropical 
Allanhlackia fat; and 2-oleyldipalmitin which has been reported in 
Stillingia and piquia fat. 2-Palmityloleostearin probably occurs in 
lard (70). 

Marked differences exist in the type of glyceride sfound in vegetable fats 
as compared with animal fats. In most cases the distribution of the fatty 
acids in the triglycerides of vegetable fat differs from that of a random 
or chance distribution, but follows more nearly a so-called '*even distri¬ 
bution*', The rule of even or “widest’* distribution was first proposed by 
Hilditch and Lovern (j66) in 1936 and has been discussed by Hilditch 
(J59) in the light of more recent developments in his excellent survey in 
these Fortsekritte, According to his scheme, if about one-third of the 
total fatty acids consists of an acid A, then that particular acid will 
occur in practically all of the triglyceride molecules to the extent of one 
molecule. If between 33 and 67% of the total acids consists of acid A, 
then it will be present with increasing frequency in the triglyceride mole¬ 
cules to the extent of two molecules but will^ot form in any appreciable 
number of cases a simple triglyceride. It is Only after the X-content of 
the total acids exceeds 67% that one begins to find .4 -triglycerides. 

This is in line with the earlier observation that completely saturated 
triglycerides appear to any appreciable extent in vegetable fats only if 
the saturated acid content reaches or surpasses 60% of the total fatty 
acids. Hilditch (759) admits that the rule of even distribution may not 
be adhered to with mathematical rigidity. In fact, Hilditch and Maddi- 
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SON (767) as well as Dunn, Hilditch, and Riley (99) have pointed out 
that cottonseed oil and certain Citrus seed fats in which only 25% of the 
acids are saturated, nevertheless contain small amounts of disaturated- 
mono-unsaturated triglycerides. 

In the case of such animal fats as milk fat and depot fats which are 
rich in stearic acid, the principle of even distribution apparently does 
not hold. Hilditch and co-workers (75, 76, 26) first assumed that in 
these cases random distribution obtains. However, more recently the 
hypothesis has been modified with the suggestion that first an even 
distribution pattern of oleic and palmitic acid is laid down, and this is 
followed by a partial bio-hydrogenation which results in the acid distri¬ 
bution observed. Hilditch (760) has also pointed out that even though 
a similarit}^ in the distribution of saturated fatty acids to a random one 
may be the case, there is no evidence to indicate that such a chance 
distribution obtains with the unsaturated fatty acids {ic). 

On the other hand, I.ongenecker (216) has supported the idea that 
animal fats are built up according to the theory of probability. Norris 
and Mattil (257) have suggested that the enzyme systems concerned 
with the synthesis of triglycerides jirobably differ markedly in the vege¬ 
table and animal kingdoms. For this reason the triglycerides are con¬ 
structed on different principles. In his recent contribution, Hilditch 
(759) has stated that further evidence will shortly be published from his 
laboratory, indicating that the animal glycerides constitute merely 
special cases of the general principle of even distribution. 

Doerschuk and Daubert (97) have recently suggested that fatty 
acids are assembled in corn oil according to a partial random distri¬ 
bution**, This theory would appear to be somewhat of a compromise 
between the random and the even patterns of triglyceride structure. 
Making use of the method of low temperature precipitation from acetone, 
these workers were able to prepare 19 different fractions of corn oil. 
The fatty acid make-up of each triglyceride was determined and the 
results compared with the composition of the triglycerides which should 
obtain if fats were assembled according to: the mono-acid theory, the 
even distribution arrangement, a random pattern, or a partial random 
distribution scheme. 

The chief differences between this new theory and the even distri¬ 
bution pattern of Hilditch are that, in spite of the fact that linoleic 
acid is present to the extent of about 60%, some triglyceride molecules 
may be included in the fat, which do not cbntain linoleic acid residues, 
furthermore, some trilinolein may be present. According to the even 
pattern, at least one linoleate molecule would occur in every molecule 
and two such molecules would be found in most triglycerides. Another 
new postulate is that oleic acid and the saturated acid residues may 
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occur twice in a limited number of molecules, in spite of the fact that 
each accounts for considerably less than 33% of the total acids. The 
even distribution pattern would allow only a single molecule of either of 
these fatty acids per triglyceride. 

A comparison of the triglyceride composition found with that which 
might be expected on the basis of the four discussed theories is given in 
Table 2 a. 

Table 2a. A Comparison of the Triglycerides Found in Corn Oil with 
Those Calculated on the Basis of Different Theories on Triglyceride 

Patterns of Fat. 

Adapted from Doerschuk and Dalbert (97). Ln =: linolcnic acid radical; 
Lo =n= linoleic acid radical; 01 ™ oleic acid radical; and S — saturated acid radical. 


Triglyceride structure 

Number of 
positional 
isomers 

Triglyceriik^ from i kg. com oil 

Mono-acid ■ Random liven 

triglyceride j distribution distribution 

grams 

calculated atu 

Partial 

random 

pattern 

found 

Expenment- 

aUy 

determined 

Ln, Ln, Im . 

X 

6.15 

0,003 

0 

0 

0 

I.o, 1.0, Lo. 

I 

59 f> 


0 

8,0 

8.() 

01, 01, 01. 

1 

230 


0 

0 

0 

S, S, S. 

1 

147 

3.‘24 

0 

0 


I.n, Ln, vS. 

2 

0 

0,02 

0 

0 

0 

Ln, Ln, 01 . 

2 

0 

0,03 

(j 

0 

0 

Ln, Ln, Lo. 

2 

0 

0,07 

0 

0 


Lo, Lo, S. 

2 

0 

164 

291 

332 

: 335 

Lo, Lo, 01. 

2 

0 

257 

524 

4«5 

482 

Lo, Lo, Ln. 

2 

0 

9,96 

0 

0.5 

0 

01, 01, S. 

2 

0 

23.9 

0 

1 .f)9 

3, bo 

01, 01, 1.0. 

2 

0 

98,0 

0 

7«.5 

72.7 

01. 01, Ln. 

2 

0 

1,02 

0 

0,00 

0 

s. s, 01. 

2 

0 

15.3 

0 

4 . 5 h 

0.18 

S, S. Lo. 

2 

0 

39.9 

0 

^7.5 

i (),8 

S, S, Ln. 

2 

0 

0,41 

0 

3.20 

4,10 

S, 01, Lo. 

3 

0 

125 

146 

40,8 

41.5 

01, Lo, Ln. 

3 

0 

5.34 

J5.5 

1,00 

0 

S, 01, Ln. 

3 

0 

L30 

0 

10.5 ! 

1 1 ,8 

S, Lo, Ln. 

3 

0 

3.40 

3.00 

2.94 1 

3*19 


The experimental results reported by Doerschuk and Daubert (97) 
for com oil agree excellently with those calculated on the “partial random'* 
basis, and show very poor correlation with the conception of either even 
distribution or random arrangement. The data indicate that the mono¬ 
acid theory cannot be valid. It will be interesting to determine whether 
other vegetable fats or any animal fats can be shown to exhibit a pattern 
similar to that of com oil when this newer analytical procedure is applied. 
This compromise proposal of partial random distribution would seem to 
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offer an explanation for fatty acid arrangement in triglycerides which is 
superior to any one of the current theories. 


2. Composition of Substances Associated with Triglycerides. 

As is well known, phospholipids or phosphatides are present in many 
crude fats although they are largely removed during the process of 
refining. The proportion of these compounds present in animal fats is 
usually quite small, while fairly large amounts are found in many vege¬ 
table fats, especially in soybean and corn oils. In addition to the oc- and 
/S-lecithins, it has recently been demonstrated that several different types 
of cephalins occur in vegetable and animal fats (i2g), such as phos- 
phatidyl-ethanolamine, phosphatidyl-serine, and lipositol. 


O 

H jC -O-C • (CHa) 7CH CH (CHj) 7CH3 
O 

HC—O—C* (CHjjijCHa 
I OH 

HX—O— 

li\ -f 

o 0-~CH2CH2N(CH3)3 

OH- 


o 

/ 

HjC—O—C- (CH2)7CH==rCH(CH2),CH3 

I OH 

1 / + 

HC—O —P—OCHgCHgN (CH3)3 




O 


OH- 


H2C~0~-C*(CH2)ieCH3 

■ 

O 


a-Locithin. 


^•Lecithin. 


o 

HjC—0~C • (CH2)7CH=CH(CH3)7CH3 

o 

// 

HC—O—C • (CHjluCHa 

! 

H.C—O—P 
' li\ 

o 0 -CH,CH,NH, 


O 

/■ 

HjC—O- C- (CHj),CH=CH(CHi),CHs 


HC—O -C- (CHj)„CH 3 
i OH 

I / 

HjC—O—P 

1 ' \ 


o O—CHjCHCOOH 


NH3 

Phosphatidyl-ethanolamine. Phosphatidyl-serine. 

Phosphatidyl-serine and phosphatidyl-ethanolamine have been found 
only in brain and other animal lipids, while the third type, lipositol, has 
been reported to occur not only in brains but also in soybean oh. In 
addition to fatty acids, glycerol and phosphoric acid, lipositol contains 
also the vitamin, inositol. 

The fat-soluble vitamins are found in the non-saponifiable extract. 
These include vitamin A, C2oH£90H, which is present in a limited number 
of animal fats including butter fat and fish liver ohs; carotene, C40HM, 
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present in butter fat and in many vegetable extracts including fats such 
as palm oil; vitamins Dg and D3 which are found in appreciable quantities 
in various fish liver oils, but which may also be synthesized in vitro by 
the irradiations of suitable provitamins; and, finally, the tocopherols or 
vitamins E occurring chiefly in vegetable fats. The tocopherols are of 
considerable importance since they arc helpful in preventing oxidative 
destruction of the fat. 

Sterols are also present in non-saponifiable extracts. The component 
sterol found in most animal fats is cholesterol, C27H45OH, while the veget¬ 
able fats contain closely related substances, /^-sitosterol and stigmasterol. 
It is noteworthy that both vegetable and animal fats may contain hydro¬ 
carbons. For example, squalene, C30H5O, a compound with isoprenic 
structure, is common in the liver oils of many different species of Elasmo- 
branch fishes. Tsujimoto {338, 33g) has reported the presence of squalene 
in sixteen out of thirty-six species of such fishes obtained from Japanese 
waters. In some instances squalene may make up from 50 to 80% of 
the total unsaponifiable matter. A related iso-octodecane called pristane, 
CigHgg (JJ7), likewise occurs in smaller proportions. Three glycerol 
ethers, namely, selachyl alcohol, chimyl alcohol, and batyl alcohol (jjj, 
340), were found in the liver fat of gray dog fish and rat fish where they 
amount to as much as 10% and 37%, respectively, of the total fatty 
material. 

CH3(CH2) ,4c Hg • O • CH, CHgiCHj) igC H, • O • CHg 

I “ “I 

HOCH HOCH 


HOCH2 HOCHg 

Chimyl alcohol. Batyl alcohol. 

CH3(CH2)7CH=:--CH(CH2)7CH2 • O • CHj 

HOCH 

I 

HOCH, 

Selachyl alcohol. 

Baer and Fischer (12 a) reported that natural batyl and chimyl 
alcohol belong to the d^-series and that selachyl alcohol, because of 
its close relationship to batyl alcohol, can also be assigned td the same 
series. These investigators, in collaboration with Rubin (12 b) were 
later able to synthesize the a-oleyl glycerol ether (selachyl alcohol) 
that corresponds the natural product. 

The glyceryl ethers almost certainly do not occur in nature in the form 
of free alcohols but are esterified with fatty acids, e, g. according to the 
following formula: 
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CH3(CH2),CH=CH(CH2),CH2 • O • CHg 

O 

// 

CH3 (CH2) 7CH=CH (CHg) 7C- O—CH 

I 

CH3(CHj),CH=CH(CH,), • C—O—CH» 

\ 

o 

Solachyl alcohol esterificd with oleic and gadolcic acids. 

In addition to the alcohols mentioned, some other higher alcohols 
may be present to a considerable extent as esters in fats obtained from 
marine animals. Thus, Hilditch and Lovern ( 163 - 16 ^) have reported 
that sperm head oil contains 74% of wax esters and 26% of triglycerides, 
while the blubber oil of the same whale contained 66% and 34% respectiv¬ 
ely of wax esters and triglycerides. The saturated alcohols present were 
tetradecyl, CH3(CH2)i2CH20H, hexadecyl or cetyl, CH3(CH2)i4CH20H, 
and octodecyl alcohol, CH3(CH2)i6CH20H. Hexadecyl alcohol is present 
in the greatest amount. Among the unsaturated alcohols arc hexadccenyl 
and octadccenyl alcohol, CH3(CH2)7CH=CH(CH2)7CH20H, and also 
a Cgo-unsaturated alcohol. It is not surprising that alcohols corresponding 
with most of the known natural fatty acids have been reported, since in 
all probability these originate by metabolic changes from the fatty acids. 

The bacterial lipids contain branched-chain fatty acids, ketones, and 
alcohols not ordinarily found in lipids from other sources (3). 

3. Factors Influencing the Composition of Fats. 

Slight variations in the composition of vegetable fats obtain in the 
same species grown under different conditions as well as in related plant 
species raised in the same environment. Although such variations are 
minor in most cases, they may be of sufficient magnitude to be of com¬ 
mercial importance. This is particularly true with linseed oils in which 
wide variations in the linoleic and linolenic acid content have been 
reported by a number of investigators. Thus, variations in iodine number 
from 155 to 196 have been noted in the Bison variety of linseed raised in 
different localities. The figures for the linolenic acid content lay between 
35 to 59% for the samples having the lowest and highest iodine number 
respectively [ 256 - 238 ), The extreme variations found by Painter and 
Nesbitt ( 256 - 258 ) with linseed oils of different varieties range from 
samples having iodine numbers of 128 to those showing values of 203. 
The authors indicate that climatic conditions, high temperature, and 
insufficient moisture while the seed is ripening may produce linseed oils 
which have very low iodine values. The variations found in different 
samples of this oil are certainly far greater than those which occur in 
most vegetable fats. 
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On the other hand, it has been known for many years that wide 
variations in the composition of animal fais can be produced in certain 
conditions. Of the factors which alter the type of fat, diet seems to b(' 
the most important one. Lebedeff {212) many years ago, demonstrated 
that the fat of a tasted dog was profoundly affected by feeding the animal 
on mutton tallow or linseed oil. In the first case, a very hard fat was 
produced and deposited, while in the second instance, the quantity of 
unsaturated fatty acids was much higher than for a normal animal; thus, 
the body fat was practically liquid. Erucic acid, an acid ordinarily not 
present in the dog fat, has been shown to occur in such fat after feeding 
a previously fasted dog large amounts of rapeseed oil which is particularly 
rich in erucic acid (2^9). Although poly-unsaturated acids are present in 
tissue fats of animals on a fat-free diet, increased levels of tetraenoic, 
pentaenoic, and hexaenoic fatty acids are deposited in the phosphatides 
to a very considerable extent after feeding an adequate source of them 
such as cod liver oil (^77). 

Neither butyric, caproic (joo, 10i) or caprylic acid [264) can hn 
deposited in the tissues of rats, even when fed in large doses. However, 
capric and lauric acids {264, 26^) as well as myristic acid (100) can be 
built up into the fat depots in rather large proportions when these acids 
comprise an important part of the diet. Visscher (347) has recently 
demonstrated in a convincing manner that an odd-carbon fatty acid can 
be laid down in the triglycerides when fed in a sufficient amount and 
over a prolonged period. As much as 24% of the depot fatty acids of 
rats were found to consist of undecylic acid after the animals had been 
placed for six weeks on a diet containing the triglyceride of this acid. 

The administration of diets high in carbohydrates or proteins has long 
been believed to cause the formation of hard body fat. This was beauti¬ 
fully demonstrated by Anderson and Mendel (5) who showed that 
when corn starch was substituted equi-calorically for fat in the diet, 
a progressive hardening of the body fat ensued. Variations in the diet 
of farm animals may produce changes in the composition in their body 
fat which may be of great commercial importance. Thus, the so-called 
'"soft pork*' was a product which was unacceptable to the consumer. 
As a result of the studies in the United States Department of Agriculture 
(J5J, 132) it was .shown that the low-melting^pork fat resulted from:the 
consumption of a large proportion of peanuts. Ellis and Isbell (104) 
found later that when peanuts or soybeans were fed in large proportion 
to hogs, fats having a high iodine number and low melting point were 
produced.- On the other hand, the fat deposited in hogs, receiving diets 
of corn and skimmed milk or brewer's rice and tankage, had a low iodine 
number and a relatively hard consistency. The use of com for hardening 
the fat of cattle is regularly employed by stock men. 
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IL Nutritional Evaluation of Pats in General. 

X. Functions of Fat in the Animal. 

There are a number of functions which fat may fulfill in animal 
nutrition. In the first place, it possesses the highest caloric density of 
any of the known foodstuffs. In the .dry state, it yields 9,3 kilocalories/gram 
compared with 4,1 Kcal/g. which is given by carbohydrate and protein 
under similar conditions. Since fat is hydrophobic, while carbohydrates 
and proteins are usually hydrophilic, the comparative values show a far 
greater variation than the 2,3: i caloric ratio which exists between puri¬ 
fied fats on the one hand, and purified carbohydrates or proteins on the 
other. Fat is therefore the foodstuff to be employed in greatest proportion 
when the bulk of a diet must be restricted. 

Fats also serve as a carrier of fat-soluble vitamins. Even when they 
do not contain such vitamins, they are of importance in improving the 
absorption of these compounds from the gastrointestinal tract. In 
addition, the fats also may be a source of choline, provided that an appre¬ 
ciable proportion of phospholipids is present. Evans and Lepkovsky 
(/17) showed a number of years ago that high-fat diets likewise exert 
a marked sparing action on the thiamin requirement. 

Fats are the only natural source of certain unsaturated (so- 
called ‘^essential”) fatty acids required for the structural development 
of the animal tissues. 

Fats are also important in the diet in order to improve palatability. 
Low-fat diets prove extremely unappetizing and their use is often asso¬ 
ciated with a voluntary reduction of the caloric intake. For example, it 
was stated by Starling (321) that during World War I, the civilian 
population of Great Britain lost weight partly as a result of their failure 
to consume as high a number of calories on the high-carbohydrate, low-fat 
diet as were needed to maintain caloric equilibrium. 

Finally, fats are most important adjuncts in the preparation of many 
baked foods. 

2. The Digestibility of Fats. 

Lusk (220) has defined a foodstuff as a substance which is capable 
of being added to the body's substance, or, when absorbed into the blood 
stream, can prevent or reduce the wasting of some necessary constituents 
of the organism. It is thus obvious that for a substance to be placed in 
this category, it must be capable of absorption from the gastrointestinal 
tract. The nutritional value of a fat must therefore be in proportion to 
its digestibility. The extent of digestibility is usually expressed as the 
“coefficient of digestibility". This term refers to the percentage of 
foodstuff given which is absorbed. Corrections are ordinarily made for 
metabolic fat based on control experiments with a fat-free diet. 
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Table 3. Average Coefficients of Digestibility of Vegetable Fats and 
Oils (Melting Point Below 50° C.) in Human Subjects. 


Fat tasted 

Refereace 

Number of tests 

Average daily 
fat intake (g.) 

Coefficient of 
digestibility (%) 

Almond. 

{181) 

4 

70 

97 

Apricot kernel. 

{184) 

4 

OS 

98 

Avocado. 

US5) 

3 

100 

88 

Black walnut. 

(i8t) 

4 


98 

Brazil nut. 

(I Hi) 

3 

81 

96 

Butternut. 

(IHI) 

3 

43 

95 

Charlock. 

US2) 

4 

60 

99 

Cherry kernel. 

U^5) 

1 

57 

98 

Cocoa butter. 

(207) 

] 1 

51 

95 

Coconut . 

(-’07) 

12 

64,6 

98 


(if<7) 

3 

28 

89 

Cohune . 

(r/<S) 

4 

5^ 

99 

Corn . 

{184) 

7 

80 

97 


(i‘V7) 

2 

29,8 

97 

Cottonseed. 

(207) 

12 

80 

98 


m 

9 

60 

97 

Cupuassu. 

US5) 

4 

41 

94 

English walnut. 

(181) 

3 

78 

98 

Hemp seed. 

(ins) 

3 

57 

i 98 

Hickory nut. 

(t8i) 

! 4 1 

95 

1 99 

Japanese mustard seed .. 

(‘S5) 

! 3 

79 

96 

Java almond. 

W7) 

1 

Oo 

' 97 

Melon seed. 


i 3 

40 1 

98 

Olive. 

(207) 

! 

73 

; 98 

Palm kernel. 

(207) 

' 4 

100 

i 98 

Peach kernel. 

(tS4) 

3 

bo 

97 

Peanut . 

(207) 

5 

98 

98 

Pecan. 

(181) 

4 

304 1 

97 

Poppy seed. 

(rSs) 

7 

50 

9b 

Pumpkin seed. 

{1S3) 

2 

75 

98 

Kapeseed. 

(182) 

4 

82 

99 


(88) 

« 

60 

1 99 

Sesame. 

(207) 

5 

90 

98 

Soybean . 

(182) 

7 

81.6 

97.5 


(1S7) 

2 

21 

94 

Sunflower seed. 

(182) 

4 

90 

96 

Tea seed. 

(S7) 

I 

49 

91 

Tomato seed. 

(J83) 

3 " 

57 

96 

Watermelon seed. 

(87) 


30 

1 95 


a) The Digestibility in Man of Vegetable and Animal Fats with Melting 
Points Below 50° C. Practically all fats belonging to this category have 
been found to be largely digested by the normal individual. Although 
no allowance was made for the fat which is excreted as soap in the long 
series of experiments conducted by the Office of Home Economics of the 
United States Department of Agriculture, it is not thought that this 
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Table 4. Average Coefficients of Digestibility of Animal Fats and 
Oils (Melting Point Below 50® C.) in Human Subjects. 


Fat tested 

Reference 

Number of tests 

Average daily 
fat intake (g.) 

Coefficient of 
digestibility (%) 

Beef. 

(206) 

10 

100 

« 

Brisket. 

(208) 

7 

80 

97 

Butter. 

{206) 

8 

100 

97 


{1S7) 

35 

26 

89 


(72) 


49 

97 

Chicken. 

(208) 

<S 

95 

97 

Cod-liver. 

m 

4 

47 

98 

Egg yolk. 

{208) 

6 

83 

94 

Fish. 

(208) 

3 

60 

95 

Goat’s butter. 

(180) 

4 ! 

43 

98 

Goose. 

(208) 

7 

95 ! 

95 

Hard palate. 

(rSo) 

I 

88 1 

94 

Horse. 

(180) 

3 

63 i 

94 

Kid. 

(180) 

3 

bo I 

95 

Lard. 

(206) 

9 

90 

97 

Milk cream. 

(208) 

7 i 

78 

97 

Oloo. 

(z8o) 

8 

57 

97 

Ox marrow. 

(j8o) 

4 i 

«7 

94 

Ox tail. 

(r8o) 


74 

97 

Turtle. 

{tSo) 

" ! 

46 

99 


correction would cause any marked alterations in the previously cal¬ 
culated coefficients of digestibility. Recently it has been shown by 
Deuel et al, (88) that when the fatty acids excreted as soaps in the feces 
are also considered, the digestibility of cottonseed or rapeseed oils is 
practically identical with that determined in the earlier tests where the 
mentioned factor was omitted from consideration. Such data are 
summarized in Tables 3 and 4. 

It would thus appear that most animal and vegetable fats are well 
digested by man when taken in amounts of 50 to 100 grams daily. With 
the exception of avocado fat and tea seed oil, which were digested to the 
extent of only 88% and 91%, respectively, the average coefficient of 
digestibility of the thirty-four vegetable fats studied varied between 94 
and 99%. In the case of the eighteen animal fats,investigated, the coeffi¬ 
cient lay between 93% and 99%. Most of these data have been summarized 
by Langworthy (205). 

h) The Digestibility in Man of Vegetable and Animal Fats with Melting 
Points Above 50"" C. In contrast to the almost complete digestibility of 
vegetable and animal fats with melting points under 50° G., there are 
numerous reports which demonstrate that fats having higher melting 
points are less completely utilized in man. Langworthy and Holmes 
{206) stated that, ‘'of the fats tested, the fats of low melting point are 
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Table 5. Average Coefficients of Digestibility in Man of Some High- 
melting Animal Fats and Some Hydrogenated Vegetable Fats. 


Fat tested 

Melting 
point ®C. 

Reference 

Number 
of tests 

Average 
daily fat 
intake 

Coefficient 

of 

digestibility 

(%) 

Deer. 

5 C 4 

isy) 

3 

46 

82 

Mutton. 

50 

{206) 

7 

53 

88 

Oleostearin. 

50 

(iSo) 

3 

06 

80 

Hydrogenated fats* . 



— 

— 


Cottonseed. 

35 


5 

— 

97 


46 

— 

3 

— 

95 

Peanut. 

37 


5 

-- 

98 


39 


3 

-- 

96 


43 


5 

_ 

06 


50 


4 


92 


52 

— 

3 

— 

79 

Corn. 

33 

— 

5 

... 

95 


43 

— 

5 


i 


50 


5 

-- 

88 

Blended hydrogenated fats** 
Cottonseed: 


{87) 

— 

— 

__ 

(13: 88)***. 

45»8 

— 

2 

53 

96 

(19:81). 

47,8 

— 

4 

70 

94 

(■24: 77). 

48,1 

— 

2 

49 

94 

(22 : 78). 

Peanut: 

50,0 


1 3 

1 57 

87 

(6:94)***. 

43,0 

— 

1 5 

74 

i 97 

(9:91). 

43,2 


1 

4 

1 80 

97 

(33 : 67). 

Corn: 

51,t 

— 

4 

1 90 

1 

93 

( 9 : 9 i)***. 

39 

— 

4 

! 103 

95 

(25 : 75). 

49 

— 

3 i 

105 

93 

(31 : <> 9 ). 

54 

— 1 

3 

^ 1 

92 : 

1 

92 


* In these tests the total oil was subjected to partial hydrogenation to 
produce fats having varying melting points. 

** A portion of the fat which was completely hydrogenated was blended with 
sufficient untreated oil to give mixtures of the melting points indicated. 

The values in parentheses indicate the following ratio: completely saturated 
fat: untreated oil (used in the fat blend). 

capable of more complete assimilation than those of high melting point'*. 
Holmes and Deuel {184), also suggest that an inverse relationship exists 
between the extent of absorbability and the melting point of fats. 

Although the average coefficients of digestibility of deer fat, mutton 
fat, oleostearin, and several of the higher melting hydrogenated fats are 
distinctly lower than those of the vegetable and animal fats (melting 
below 50® C.), these values are to be regarded as the maximum rather 
than the minimum for human subjects. It has been pointed out earlier 
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Table 6. Average Coefficients of Digestibility for Some Oleomargarines 

in Man. 


Oleomargarine sample tested and its 
composition 

Reference ! 

1 

1 

Number 
of tests 

j Average 
daily fat j 
intake (g.) 

1 

Coefficient 

of 

digestibility 

(%) 

No. I. 59% oleo oil, 7% lard, 22% 
vegetable oils (cottonseed and pea¬ 
nut), 12% milk fat. 

1 

i 

9 ! 


t >7 

No. 2. 41% oleo oil, 32% lard, 24% 
peanut oil, 3% milk fat. 

(179) 1 

7 

80 


No. 3. 67% oleo oil, 33% cottonseed 
oil, 0,1% milk fat. 

! 

(n 9 ) 

4 


b 7 

Hydrogenated vegetable oil margarine 
(melting point 94-95° F.; Wiley)_ 

(72) ' 

1 

7 

1 

86 

97 


that no allowance has been made in these tests for the fatty acids ex¬ 
creted as soaps in the feces. The fact that markedly lower values for 
digestibility of high melting fats are recorded in experiments on rats 
(Table 7, p. 20) than for man is largely to be attributed to the cir¬ 
cumstance's that the fecal soap fraction was included in the calculations 
of the tests on rats. 

It seems probable that considerable amounts of the original fat would 
be lost in this fraction also in man. Further work would be needed to 
clarify this point using fats with relatively high melting points. 

c) Digestibility of Oleomargarines. Margarines have been found to be 
well digested in man. Some of the data on human subjects are recorded 
in Table 6, and tests on animals in Table 7. A high digestibility was 
found in the margarine samples i, 2, and 3, which had been commercially 
produced more than thirty years ago, while a modern preparation manu¬ 
factured from hydrogenated cottonseed oil was shown to have a digesti¬ 
bility of 97%. Similar values are valid for the fourth margarine sample in 
rats in which the soap fraction has also been taken into account. 

d) Digestibility of Polymerized Oils. Although edible polymerized oils 
have had a limited use in the food industry for a number of years, it is 
only recently that attention has focussed on them. Polymerization is 
doubtlessly associated with profound changes not only in physical pro¬ 
perties but also in the chemical structure. By a suitable polymerization 
process the characteristic odor and taste of unsaturated glycerides can 
be removed. On extensive treatment, a considerable viscosity develops 
in the oil; that this is caused by a chemical alteration is indicated by the 
fact that the degree of unsaturation, as determined from the iodine 
number, decreases markedly during the change. 
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Bradley {41) has suggested that the main chemical alterations during 
polymerization of unsaturated fats involves the double bonds. According 
to Brocklesby (43), the most probable reaction is concerned with a 
preliminary formation of an unstable 4-carbon ring which opens and then 
rearranges as follows: 

R • CH=-CH • R' R • CH~CH • R' R- CH.. --CH • R' 

+ -► I I I 

7 ? • CH—CH • i?' R-C^CH^R' 

Such a reaction may take place between two unsaturated acids which 
are either located in the same glyceride molecule or in different molecules. 
Lassen et al. (210) believe that the second possibility is the more likely one. 

Several interesting studies have recently appeared which suggest that 
polymerization may bring about an alteration in the physiological 
behavior, as well as in physical and chemical properties; for example, 
Lassen, Bacon, and Dunn (210) have found that the fat may become 
less digestible. 

When sardine oil had been polynjcrized by heating in a glass vessel at 250° C. 
in a nitrogen atmosphere, only a slight decrease in dige.stibility was ob-served in 
rats in a sample having an iodine number of 155,5 (iodine number of the control 
oil, 177,7). coefficients of digestibility were 98,3 and 94,9, respectively, for 
the unhe,ited and the first fraction of polymerized oil. On further heating the 
sardine oil digestibility was considerably reduced. The second fraction (iodine 
number; 138,1) was digested only to the extent of 89,5%, while in the third 
fraction (iodine number, 124,1), the coefficient of digestibility had fallen to 84,8. 

Crampton and his associates {64) reported that high mortality results 
in rats fed on linseed oil which had been previously subjected to poly¬ 
merization. The death of the rats occurred within a very short time, and 
was associated with a lowered digestibility. On the other hand, Deuel, 
Greenberg, and Savage (75) found no decreased growth rate in rats fed 
on diets containing 40% of cottonseed oil which had been kept at 
205-210® C. for a long period, during which a number of batches of 
French fried potatoes were prepared. 

e) Digestibility of Fats in Animals Other than Man. According to 
McCay and Paul (224), the extent of digestibility of fats in tlie guinea 
pig is usually somewhat less than in man. The inverse relationship 
between digestibility and melting point oL a series of hydrogenated 
cottonseed oils and hydrogenated lards was convincingly demonstrated 
in rats. With both of these types of fat, there appears a progressive 
decrease in the digestibility, coincident with the rise in the melting point. 

Hydrogenated cottonseed oil melting at 65® C. was digested to the 
extent of only 24%, while hydrogenated lard melting at 61® C. had a 
coefficient of digestibility of 21%. The fat which was digested to the 
lowest extent, was hydrogenated perilla oil melting at 67,5° C., in which 
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Table 7. Average Coefficients of Digestibility of Some Fats in Several 

Species of Animals. 


(Figures in parentheses give the references to the authors reporting these values.)* 


Fat fed 

1 

Melting 

point 

“C. 

Coefficient of digest!] 

Guinea j „ . [ „ ,. 

pis («^)j 1 

bility (%) 

Sheep 

1 Dog 

j 

Beef tallow. 


72,0 






Butter. 

— 

91,0 

88.3 

(.72) 

1 - 

— 

— 

Castor. 


96,2 

98 

{3^3) 

■ 92,1 (259) 

99 (259) 

— 

Cocoa butter. 

— 

— 

63,3 

(172) 


— 

— 

Coconut . 

— 

94 >o 

98,9 

(.72) 


— 

1 — 

Cod-liver. 

— 

93.S 

- 

_ 

— 

: 

i 

Corn. 

— 

^ 6,5 

97.5 



: 

99 {2S5) 

Cottonseed. 

— 

87.4 

- 

- 

— 

1 _ 

99 (2S5) 

hydrogenated. 

3 « 

— 

91 

(/2i) 

— 

i — 

_ 

,, . 

46 


83,8 

(II) 

- i 

— 

— 

,, . 

.54 

__ 

68,7 

uo 

— 

— ! 

— 

,, . 

02 

— 

3 « 

(I2l) 1 


“ 


,, . 

(^5 

— 

24,0 

(I.) i 

— 

1 


Crisco. 

— 

73.8 

97.3 

(65) 

— 

— 


Lard. 

— 

75.^ 

96,6 

(65) 


... 

— 

bland. 

48 

__ 

94.3 

(65) 


! — 

_ 

hydrogenated. 

5.5 

— 

63.2 

( 6 . 5 ) 

i 

1 

— 

,, . 

61 

— 

21,0 

(65) 


— 

— 

Margarine. 

34 


97.0 

(65) 


— 


. 


"■ i 

i 97 

(73) ' 


— 

— 

Mutton tallow. 

— 

79»^ 

1 74.6 

(^72) 

1 

— 

— 

Neats foot. 


93.5 

1 

- 


— 

— 

Oleo stock. 

— 

— 

74 

(X72) 

i 

— 


Olive. 

— 

94.5 

- 

— ' 



— 

Peanut . 

— 

91,8 

- 

— 


. 

— 

Perilla (hydrogenated) 

^7.5 

— 

6 

(i2r) 

I — 

— 

— 

Rapeseed. 

— 

— 

82 

(73) 

— 

— 

— 

Salmon. 

— 

94,0 


— 

— 

— 

— 

Soybean. 

— 

94.5 

98,5 

(.^72) 

-- 


-- 


* Soaps were included in the determination in all reports except in reference numbers 
(121), (224), (259), and (285). 


case only 6% was absorbed from the gastrointestinal tract. The behavior 
of castor oil differs in most of the lower animals from that in man. In 
the case of the guinea pig, rat, rabbit, and sheep, castor oil is practically 
completely digested, and shows none of the usual purging action it exerts 
in man. 

The result of tests on a number of fats in several species of animals 
are recorded in Table 7, 

A number of pertinent studies have also been made with some simple 
triglycerides and the corresponding fatty acids. Trilaurin has been found 
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to be practicaUy completely digested in the rat, while trimyristin is 
digested only to the extent of about 75%. The data on tripalmitin arc 
conflicting. While Hoacjland and Snider {lys) found digestibility of 
83% for tripalmitin in the rat, Cheng et aL (57) reported that it was 
absorbed to the extent of only 28%. Tristcarin has been found to be 
only slightly absorbed in the rat and in tht‘ dog (jo). Free palmitic and 
stearic acids are utilized to only about the same extent as their triglyce¬ 
rides, whereas oleic and elaidic acids are both completely digested in the 
rat (259). Elaidic acid has a low coefficient of digestibility in the guinea 
pig, as compared with the high value obtained with oleic acid in the 
same species. 


Tables. Average Coefficients of Digestibility of Some Purified Simple 
Triglycerides and l^'att}'' Acids in Several Species of Animals. 
(The figures in parentheses give the bibliographic references.) 


Triglyceride or acid fed 

Melting point 
‘'C. 

Guinea pig 

Rat 

Dog 

Trilaurin. 

4b 


97.3 

(57) 

_ 

Trimyristin. 

5d 

' - 

76,6 

(57) 

— 

Tripalmitin. 

66.5 


83 

(173) 

95 




27,9 

(57) 


Palmitic acid. 


... 

35.d 

(57) 


Tristearin. 

70 

i 

7 

(173) 




1 

18,9 

(57) 

if 

Stearic acid. 

b9 

— 1 

15.B 

(57) 


Oleic acid. 

— 

95.0 (^59) ' 

95.4 

(259) 


Elaidic acid. 

— 

55.<> (259) ; 

95.6 

(259) 



f) Factors Influencing the Digestibility of Fats, There arc a number'St 
factors other than melting point, species of animal, and polymerization, 
which may influence the extent to which a fat is absorbed. One of them 
is the concentration of fat in the diet. Thus, Hoagland and Snider (172) 
reported increased digestibility coefficients for the least digestible fats 
when the total fat intake was increased. 

Mixed triglycerides have been shown to be more digestible in the rat 
than a corresponding mixture of simple triglycerides. Mattil and 
Higgins {234) report that when fat is fed at a 15% level in the diet, 
larger quantities are absorbed from mixed ttiglycerides than from equi¬ 
valent mixtures of tristearin and triolein. 

Another factor which may markedly alter the absorption of fats is 
the proportion of calcium present in the diet. Although Cheng and her 
associates (57) found that no appreciable effect on the high digestibility 
of bland lard resulted from the presence of calcium salts, however, in the 
case of high-melting fats, the extent of absorption was markedly reduced 
when considerable amounts of calcium were present. 
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Table 9. Digestibility of Stearic and Oleic Acids fed as Simple and 
Mixed Triglycerides [Mattil and Higgins {234)']. 


Fat in diet 


Tristearin, 10%; triolein, 5% 

Distearo-monoolein, 15%. 

Tristearin, 5%; triolein, 10% 
Monostearo-diolein, 15%. 


Fat 

Coefficient of 

In food 

1 In feres 

digestibility 

(g-) 

i 

(%) 

51.0 

29.5 

42,2 

79.2 

49.4 

37.6 

94.2 

39,7 

57.9 

24.5 

9,0 

63.3 

« 7.5 

27,3 

68,7 

35.9 

II.3 

68,5 

89.4 

24,3 

72,8 

14,5 

3.9 

73.3 


Thus, a hydrogenated lard melting at 55"^ C. was absorbed to the extent of 
only 58% in the presence of calcium and 78% in its absence. Trimyristin was 
ingested to the extent of 38% when calcium was present and 77% in its absence. 
Moreover, the depressing effect of calcium salts on fat digestibility was found to be 
proportional to the amount included in the diet. Thus, trilaurin was digested to 
the extent of 70,5, 87,2, 89,5, and 97,3%, respectively, when the diets contained 
6,1, 2,5, 1,17, and o mg. of calcium per gram of food (57). 

It is possible that components in the diet other than calcium may also 
influence the extent to which the tat is digested. Barnes, Primrose, 
and Burr (ig) have reported a slightly higher digestibility of butter or 
hydrogenated lard when a high-protein diet was employed than when 
a low-protein regime was administered, although the digestibility of lard 
itself was unchanged on the two diets. More information is needed on 
this point, especially since no tests on man are available which would 
bear out these results. 


The presence of emulsifying agents has likewise been shown to improve 
the extent of digestibility of fat. Crude lecithin increases the extent of 
digestibility of otherwise poorly utilized high-melting fats in the rat, 
and it also increases the tolerance for cottonseed oil (Ji). Although no 
improvement in fat absorption is to be expected or needed in normal 
men where the fecal fat comprises only about 4% of the ingested fat 
{359* 56b), improvement might be expected in sprue, in certain disorders 
of the pancreas, and in infections of the gastrointestinal tract where as 
much as 40 to 50% of ingested lipids may be lost in the feces (J59). 
Jones and his collaborators (ig 6 ) were able to demonstrate that the poor 
fat digestibility in a number of patients markedly improved when 
'Tween 80" (PSM or polyoxyethylene-sorbitan monooleate) was added to 
the diet. Further evidence of the beneficial effects of emulsifying agents 
on utilization of fats is afforded by the demonstration that the rate of 
absorption is increased by such means. 
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It seems to be rather generally believed that the digestibility of fats 
is identical in man and the rat. However, one discrepancy in addition 
to the variation in purging effect of castor oil between the two subjects 
has been recently pointed out. Whereas, rapeseed oil was shown to be 
digested to the extent of 99%, in two independent series of tests carried 
out on man (88, 182), crude rapeseed oil was found to be utilized to the 
extent of only 77% in the rat, while a highly refined product gave a 
digestibility of 82%. Whether or not species variations can offer an 
explanation for the discrepancies between rat and man in the digestibility 
of high-melting hydrogenated fats, should be decided in further experi¬ 
ments on man where account is taken of the soaps excreted in the feces. 

Utilization of Fats Introduced Par enter ally. Although Dunham and 
Brunschwig (gS) were unable to demonstrate any change in depot fat 
or any nitrogen-sparing action when fats were introduced by vein, 
McKibben and co-workers (229) showed that corn oil emulsions, stabilized 
with a variety of reagents, were utilized for energy. In a later study (228) 
it was found that the injection of an emulsion of coconut oil resulted in 
dogs in a change of a negative nitrogen balance to a positive one. Soybean 
phosphatides have been used as emulsifying agents (ijp) as well as a mixt¬ 
ure (242) of “Span 20“ (0,5‘Jo), Asolectin, a soya-phosphatide preparation 
{0,4%), and sodium cholat' (0,1%). Fat emulsions containing as much 
as 30% fat have been successfully employed (60). For a review, see (320). 

That such parenterally introduced fat preparations are utilized is also 
indicated by a recent report of Geyer, Chipman, and Stark (jJ7 ). When 
trilaurin containing radioactive carbon is injected intravenously into 
rats, the quick and extensive excretion of labeled carbon dioxide in the 
respiratory gases indicates conclusively that the fat administered is 
utilized. Confirmatory results on the rapid oxidation of parenterally 
introduced fats have recently been reported from the Chaikoff group 
{214) who administered tripalmitin containing radioactive carbon. 

3. The Rate of Absorption of Fats from the Gastro-intestinal Tract, 

Not only is the total quantity of fat which can be absorbed from the 
gastrointestinal tract an important index of the nutritional value, but 
also the rate at which such absorption takes place can be used for the 
evaluation of the nutritive effect. Although no differences in total 
digestibility of two fats which are absorbed at widely different rates 
might be noted when they are fed in small doses, a completely different 
picture might appear if the same fats were taken in large quantities. Thus, 
the maximum amount of fats which could be utilized without causing 
a digestive disturbance would vary widely. In the case of slowly absorbed 
fats, diarrhea would be expected to occur on lower doses than with such 
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fats which are rapidly removed from the gastrointestinal tract. The total 
utilization under such conditions would be markedly reduced. 

There is a paucity of data on the relative rates of fat absorption. 
Unfortunately, the units in which this factor is expressed are not uniform 
and, thus, one series of tests cannot always be compared with another in 
which a different method of calculation is involved. The intestinal loop 
method is not very satisfactory, since it is far from a physiological con¬ 
dition, especially if pancreatic juice and bile are excluded from the loop. 
Moreover, the indirect method, which involves a determination of the 
rate of increase of blood lipids and of the fat in thoracic lymph, is not 
sufficiently quantitative to be of much value, although it does give 
considerable evidence about the nature of the fat absorbed. Probably, the 
most satisfactory procedures are the direct ones which involve an esti¬ 
mation of the amount of fat remaining in the intestine at several periods 
of time after feeding of known amounts. Such a method has been used 
by Irwin, Steenbock, and Templin (igi) as well as by Deuel, Hallman, 
and Quon (<?j). The former workers observed that fat absorption in rats 
is not affected by age (in a range of four to seven months), by sex, by 
pregnancy, or by the season of the year. 

Most uniform results on absorption of fat are obtained if one expresses 
the value in terms of the fat absorbed per square centimeter of body 
surface per hour. This procedure of calculation was shown to give essen¬ 
tially constant results when employed on rats of widely varying sizes and 
with different doses of fat (8o). On the other hand, Steenbock, Irwin, 
and Weber (322) prefer to use the percentage of ingested fat which is 
absorbed in a four-hour period as the index of absorption rate. They 
conclude that the rate of fat absorption in the rat, expressed in per¬ 
centage of ingested fat which disappears from the gastrointestinal tract, 
occurs in the following order (%): 

Butter (oil), 71,0; halibut liver oil, 70,2; cod liver oil, 67,7; raw linseed oil, 
67,0; olive oil, 63,4; lard, 57,0; rancid lard, 53,8; commercial shortening A, 53,8; 
cottonseed oil, 53.7; commercial shortening B, 52,8; cocoa butter, 47,9; and coco¬ 
nut oil, 47,4. 

When the calculation of absorption is based on the milligrams ab¬ 
sorbed per 100 square centimeters of body surface per hour, little differ¬ 
ences obtain between a number of common fats. 

The results of several groups of investigators follow: butter fat, 42,1 (<^0); 
coconut oil, 53,2 (So); cottonseed oil, 39,8 (So); margarine fat, 46,1 (80) and 34,7 (65); 
prime steam lard, 38,3 (65); and rapeseed oil, 30,0 (So). Although such hydro¬ 
genated fats as ‘"Crisco** and bland lard, which are absorbed at the rate of 34,6 (65) 
and 31,4 (ii) milligrams per 100 cm*/hour, respectively, fall in th* lower range 
of the common fats, the results on a series of high-melting, hydrogenated fats are 
much lower. Thus, in three-hour tests on hydrogenated lard (melting point 55° C.), 
a value of 20,7 (65) was obtained, while with hydrogenated cottonseed oil (melting 
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point 46° C.), the value was 24,7 (ir). Another sample of hydrogenated cotton¬ 
seed oil melting at 54° C. had an absorption rate of only 8,5 milligrams per 
100 cm*/hour (ii). 

The slow rate of absorption of rapeseed oil is in line with its lower 
digestibility (75), while the decreased absorption rates of some high- 
melting hydrogenated fats also fall in line with markedly lower coefficients 
of digestibility. 

As might be expected, the rate of absorption of the shortchain tri¬ 
glycerides is much more rapid than that of the natural fats. This is prob¬ 
ably partly to be ascribed to the fact that fatty acids so constituted are 
water-soluble and, therefore, are able to penetrate the intestinal mucosa 
more readily than do fat-soluble particles. In the study of a number of 
synthetic triglycerides, Deuel and Hallman (79) found that triacetin 
was most rapidly absorbed. The absorption rate became progressively 
slower with the lengthening of the chain. 

The values expressed in milligrams j)er 100 cm^/hour are as follows: triacetin, 
68,1; tributyrin, 65,0; triisovalerin, 45.7; tricaproin, 54,5; tricaprylin, 45,9; and 
trilaurin, 21,9. 

Another interesting variation was shown to result when the absorption 
rates of triglycerides of odd- and even-chained fatty acids were compared. 
Thus, the figures rejxjrted for tripropionin (C3) of 31,4, for trivalerin (C5) 
32,9, and triheptylin (C7) 28,0, are approximately 50% of those of the 
triglycerides composed of the even-chained fatty acids of comparable 
length. Such variations in the absorption rate of triglycerides apparently 
are to be ascribed to the differences in the rate of absorption of the com¬ 
ponent fatty acids rather than to alterations in the speed of hydrolysis 
of their glycerides (84). 

Changes in the rate of absorption under pathological conditions are 
evidently interrelated with chemical structure. Verzar and Laszt (343, 
346) were the first to demonstrate that the speed of fat absorption in 
rats is markedly lowered following adrenalectomy. This result was later 
confirmed by Bavetta et al. (24) who also demonstrated that the delayed 
rate of absorption is associated with a slower speed of removal of the 
fatty acids from the gastrointestinal tract, since the rate of lipolysis was 
not decreased. Moreover, the absorption returned to normal if the animals 
were pretreated with cortical hormones. 

Although Barnes and his co-workers (18) failed to observe an in¬ 
hibitory effect of adrenalectomy on the absorption of corn oil, they sub¬ 
sequently reported a lowering in the absorption rate of emulsified hydro¬ 
genated cottonseed oil (20). That variations in absorption after adrenal¬ 
ectomy are related to the chemical nature of the fatty acid was later 
observed by Bavetta and Deuel (23), These workers reported no 
alteration from normal in the absorption rate of sodium butyrate or of 
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its triglyceride in adrenalectomized rats. It was subsequently shown that 
the speed of absorption of two other triglycerides in which the fatty acids 
are water-soluble, namely, tricaproin and tricaprylin, was not affected 
by removal of the adrenals. In the case of the next higher homolog, 
tricaprin, a reduction in absorption rate was obtained after adrenal¬ 
ectomy {22). Thus, it would appear that the cortical hormones are 
necessary to insure the prompter absorption of those fatty acids which 
are not soluble in water, but they are not concerned with the removal of 
the water-soluble acids from the intestine. 

The speed at which fats are absorbed in normal animals can be im¬ 
proved when an emulsifying agent such as lecithin is given (ii). 

In the case of cottonseed oil, the rate of absorption was increased from 47,8 
to 61,8 milligrams per 100 cm^/hour by lecithin. The comparative figures for 
hydrogenated cottonseed oil samples melting at 46*^ C. and 54° C. were 26,5 and 
18,0, respectively, in the absence of lecithin, compared with 48,9 and 30,1 when 
lecithin was given with the fat. 

A similar improvement in the speed of removal of fat (2, ig6) and 
vitamin A (2) from the intestine has been noted in man when lecithin 
was added to the diet; Jones et al. (ig6) were likewise able to demon¬ 
strate a considerable improvement in vitamin A absorption in patients 
suffering from sprue, pancreatic fibrosis, or regional enteritis. In all 
tests on man, the estimation of the speed of absorption was based on the 
changes in the vitamin A or fat tolerance curves rather than the direct 
method used in rats. 

4. Fats as Sources of “Essential” Fatty Acids. 

The first definite proof of a fat-deficiency disease resulting from 
complete exclusion of this foodstuff from the diet was demonstrated in 
the rat by Evans and Burr (116), Although Me Amis and co-authors (22 j) 
did not report a deficiency syndrome in rats on a fat-free diet, they did 
note that their animals receiving fat showed a superior growth. Shortly 
thereafter. Burr and Burr (5/) described the characteristic pathological 
symptoms of rats from whose diet fat had been rigidly excluded for some 
time. The diet employed consisted of alcohol- and ether-extracted 
casein, fat-free yeast, sucrose, salts, vitamins A und D. 

When young rats were subjected to such a regime, a preliminary 
period ensued during which they gained weight. Their body weight then 
became constant prematurely and, finally, as the deficiency was continued, 
the animals lost weight rapidly and died. Burr (4g) lists the typical 
symptoms of this deficiency in the rat as follows: i. marked retardation 
of growth; 2. development of scaly skin and caudal necrosis; 3. kidney 
lesions and hematuria; and 4. death. Kidney lesions were found in 100% 
of the cases at autopsy while the incidence of caudal necrosis was variable. 
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Other less specific lesions may include histological changes in the ovaries, 
uterus, and other tissues; poor ovulation, reproduction, and lactation in 
the female, and sterility in the male. An excess water consumption, high 
respiratory quotient, and a high metabolic rate were ordinarily noted. 

When a relatively small proportion of lard, cod liver oil, or liver was 
fed to rats showing the fat-deficiency symptoms mentioned, an almost 
dramatic cure followed. That the active curative agent was linoleic, 
linolenic, or arachidonic acid, was postulated by Burr and Burr (52) 
who pointed out that the varying potencies of the fat in curing the fat- 
deficiency syndrome were related to the proportions of the component 
“essential” fatty acids present. 

The saturated fatty acids, as well as oleic acid, were found to be 
without curative effect. Linoleic (5J, 5j) and arachidonic acid (50, igo, 
317, 341) have been shown to have the highest therapeutic activity while 
linolenic acid {33) has been reported to have a somewhat lower potency. 
Burr, in his excellent review of the essential fatty acids (^9), lists all 
the compounds giving positive curative effects and the many which have 
been tested and proved inactive. These acids are listed in Table 10 (p. 28—29), 
along with some additional ones which were investigated by Karrer 
and Koenig (ig8). 

There is excellent evidence from an examination of the essential fatty 
acid content of rat ti.ssue as well as from bioassays that the rat is unable 
to synthesize the “essential” fatty acids. In animals maintained on a 
fat-free diet, a depression of the acids has been observed in body lipids 
(123). A number of workers (17, X02, 217) have shown that the amount 
of the essential fatty acids in animal tissue fats is dinictly dependent on 
their content in the diet and that no synthesis of them can occur in vivo. 
The most striking proof of this fact was given by Schoenheimer and 
Rittenberg (306) using deuterium as a tracer. When deuterium oxide 
was introduced into rats, no exchange of hydrogen and deuterium took 
place with the essential fatty acids but it did occur with the other fatty 
acids. 

Although Burr and his co-workers (50) first suggested that linoleic, 
linolenic, and arachidonic acids and cod liver oil fatty acids exhibit both 
qualitative and quantitive differences in curative action, he later 
stated that inloleic acid alone is essential He indicated that one 
should speak of the essential acids in the singular since any one of the 
three compounds by itself may prevent the deficiency. However, it is 
suggested that there may be some qualitative differences in the action 
of the acids mentioned. Not all compounds which will produce growth 
will clear the skin disturbances. On the other hand, all compounds having 
a curative action on the skin will induce growth. Linolenic acid or the 
cod liver oil acids bring about growth without healing the dermatitis or 
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lowering the abnormally high water consumption. Linoleic acid, and 
arachidonic acid to a lesser extent, do promote growth, cure the dermatitis, 
and lower the water consumption. Inasmuch as these studies were made 
before the interrelations of the essential fatty acids, biotin and pyridoxine, 
in clearing the dermatitis, were recognized, it would seem that this problem 
should be re-investigated in light of our more recent knowledge. 

It is believed by most workers that the key acid is arachidonic. 
Turpeinen {341) suggested this some years ago, and many recent experi¬ 
ments have supported his contention. Although it is suggested by Burr 
{4g) that linoleic acid is active per se, it has been shown that it is used 
in the body for the synthesis of arachidonic and possibly clupanodonic 
acids {i8g, 316), Widmer and Holman (334) have come to the same 
conclusion. When fat-deficient rats were given linoleate supplements for 
two months, an increase in arachidonatc content appeared in the heart 
and liver. No change over the negative controls was noted in rats receiving 
stearate and olcatc, although linolenate appeared to cause an increase in 
the poly-unsaturated acids in the organs just mentioned. 

No absolute values can be quoted for the optimum dosage of essential 
acids for the rat or other animals. A maximum growth rate in curative 
experiments has been reported for dosages as low as 20 mg. (233) and 
as high as 100 mg. per day {341). Some data from our laboratory indicate 
that the requirement of linoleic acid for the growing male rat exceeds 
50 mg. per day and that for the female is approximately 20 mg. 

The requirement for the essential acids apparently varies not only 
with sex, but also with the foods being consumed concomitantly. Evans 
and Lepkovsky (120) reported that the requirement was higher when 
other fatty acids and fats were present in the diet. Under such conditions, 
rats may exhibit poorer growth than is found with animals receiving 
a diet devoid of fat. The same phenomenon has been noted when rats 
were fed a regime containing a considerable proportion of elaidin {315) 
or hydrogenated coconut oil (^9). 

Although most of the experimental work on essential fatty acid- 
deficiency has been carried out on rats, a number of other species are 
also susceptible to the lack of dietary fat. White et al. (352) reported 
a syndrome in mice deprived of the essential fatty acids, similar to that 
in rats. Although Russell and his collaborators (290) could not demon¬ 
strate the deficiency in chickens, this failure may have been due to the 
presence of corn starch in the diet. This polysaccharide contains enough 
unextractable linoleic acid to prevent severe deficiency symptoms in the 
rat (5J, iig). 

While the hog is sufficiently resistant to fat deprivation so that the 
deficiency s)mdrome does not occur, Ellis et aL (102-103) did find that 
the linoleic acid content of the lard dropped from a normal value of 
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Table ii. Arachidonate and Linoleate in Blood Serum of Normal 
Subjects and of Patients with Eczema (45). 


Condition of patient 

Number of 
samples (pooled) 

% of total fatty adds 

Arachidonate \ Linoleate 

1 

Young patients with eczema. 

18 

J.34 

3/20 

Adult patients with eczema. 

8 

1,60 

1 4-20 

Control subjects. 

35 

2,83 

4,80 

- - . 

12 

2,90 

5»20 


7-15% to 1,2% when the diet contained as little as 0,8% of extractable 
fat. No clear-cut evidence of the need of CsSsential fatty acids has been 
adduced for the calf {148) or the cow (14J, ^35)* although the iodine 
numbers of the blood lipids were shown to fall on fat-free diets. 

Dogs appear to be readily susceptible to lack of fat in their diet (156). 
The syndrome is quite similar to that in the rat. The dog is an excellent 
animal for the study of the distribution of the fatty acids in the lipid 
fractions since these respond markedly to the fat-free regime. 

Although there is no convincing evidence for the requirement of the 
essential fatty acids in adult man, several workers have noted the need 
for these components in the baby {146, 153). Infants kept on a low-fat 
diet developed an eczema which was readily cured by fat feeding. 

' Some workers have failed to show a relationship between the essential 
fatty acids and eczema {143, 332) but the eczema studied by them may 
have been of a different type. Hansen and Burr (755) have reported 
that on a fat-deficient diet the iodine number of the blood serum lipids 
of rats falls concomitantly with the development of the scaly dermatitis 
of the skin. In human subjects, the eczematous condition is also usually 
accompanied by a lowering in serum linoleate and arachidonate {45, 6j, 
127, 128,134,156) as well as by a drop of about 25% in the iodine number 
of the blood serum lipids (6j). Finnerud et at. (128) report that, con¬ 
comitantly with the cure of the eczema by the use of unsaturated fats, 
there is a rise in the linoleate but not in the arachidonate in the blood 
serum lipids. Table ii shows the results of determinations of the poly¬ 
unsaturated acids, by the bromine precipitation method, on pooled 
samples of lipid extracts of blood serum from eczematous and control 
patients. 

Although it would seem quite probable that a relationship may exist 
between essential fatty acid deficiency and certain types of eczematous 
conditions in the baby and even in adult man, there is little other evidence 
of the necessity of the essential acids in the human subject. Brown 
et al. {46) report an experiment on one adult human subject who main¬ 
tained himself for six months on a low-fat diet without any apparent 
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harmful effects. Some change in respiratory metabolism similar to that 
found in the rat was noted and a 50% reduction in blood arachidonate 
and linolcate resulted. This was out of proportion to the drop in total 
blood lipids. Although one can hardly question the necessity of the 
essential acids in man, it is probable that the high reserves of these 
compounds in the body fat stores preclude the ready demonstration of 
a deficiency. Possibly, a wider study of this problem might reveal some 
individuals with a lower reserve of these acids who might respond with 
clear deficiency symptoms when fat is absent from their diet. 

Other than the necessity for maintaining the normal nutrition of the 
skin, it is difficult at the present time to assign a function to the essential 
unsaturated acids. Engel {108) has suggested that the lipotropic action 
of choline is evident only when linoleic acid is present. The problem of 
the requirements of the essential fatty acids and the mechanism of their 
action in the animal organism is thus as yet largely unsolved. 

5 . Fat-Vitamin Interrelationships. 

a) Thiamin and Fat. The interrelation of fat to vitamin requirements 
and to vitamin utilization in the animal organism has become an increas¬ 
ingly fruitful field of investigation for the biochemist. One of the early 
observations of such an interrelation was made by Evans and Lepkovsky 
(1x7, J25) who found that, on diets adequate except in vitamin the 
onset of polyneuritic symptoms was markedly retarded on high-fat diets. 
Subsequently, the same investigators {118) pointed out that, when on 
a high-carbohydrate diet containing, presumably, an adequate amount 
of yeast as well as being a source of the unsaturated fatty acids, animals 
exhibited a favorable response to the feeding of additional fat. Many 
vegetable and animal fats were studied, including lard, coconut oil, 
synthetic coconut oil, partially hydrogenated cottonseed oil (Crisco), 
cottonseed oil, hydrogenated coconut oil, and perilla oil. All except 
certain high-melting fats (hydrogenated perilla oil, m. p. 67,5° C.) whose 
absorption was poor [121), possessed this thiamin-sparing action. The 
most effective fat in sparing vitamin has been reported to be coconut oil. 

Evans and Lepkovsky also observed that saturated fats, with iodine 
numbers of only 8, spare thiamin as effectively as a highly unsaturated 
oil having an iodine number of 187. Certain of the purified triglycerides, 
such as trimyristin and tricaprylin, were very effective, while tristearin 
was inactive {122), Neither the precise melting point nor the degree of 
saturation of the several natural fats seemed to influence this activity. 
Synthetic esters of the fatty acids were reported by Salmon and Goodman 
{2g4) as active, the maximum vitamin-sparing action being found with 
the Cg-fatty acid. 
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In 1940, McDonald and McHenry (230) pointed out that the presence 
of fat in the diet delayed the onset of bradycardia characteristic of thiamin 
deficiency in the rat. This finding was confirmed by Banerji (14) who 
also observed that inclusion of various proportions of fat in thiamin- 
deficient diets counteracts the augmented excretion of bisulfite-binding 
substances which is typical of the polyneuritic syndrome. The sparing 
effect does not api)ear to be caused by any interaction between the fat 
and thiamin in the intestine, since it was also observed when the vitamin 
was administered parenterally {124). Furthermore, Melnick and Field 
(2J9) showed by means of chemical analyses that thiamin was absent 
from fats which displayed a sparing action. 

Whipple and Church (330) demonstrated that the fat content of the 
ration can influence bacterial synthesis of thiamin in the intestinal tract 
of the rat. When lard was incorporated into a thiamin-deficient diet 
containing sucrose as the carbohydrate, the feces of the rats showed the 
presence of thiamin; however, when the lard was omitted from the diet, 
the thiamin activity of the stools was lost. Carbohydrate intake in human 
subjects has been found to cause a diminution of the urinary output of 
thiamin wliich probably indicates that there is a greater need for this 
vitamin under such conditions. Despite the fact that in experimental 
animals a high-fat diet reduces the thiamin requirement (9, IJ7, 324), 
marked increases in fat consumption fail to augment the urinary ex¬ 
cretion values {34, 2y3) of this vitamin. Schoenheimer and Rittenberg 
(J05) demonstrated, by means of tracer methods, in mice the dynamic 
condition not only of the phosphorus-containing lipids of kidney and liver 
but also of the deposited fat. The rapid turnover of fatty acids shows 
that there is a continuous conversion of carbohydrates into fatty acids 
under normal dietary conditions. 

If one were able to exclude the evidence of Whipple and Church (J5 i) 
indicating that thiamin has a function in fatty acid synthesis, the ex¬ 
planation by Schoenheimer and Rittenberg {303) would aid in the 
clarification of the relation of fat to its thiamin-sparing activity. The 
latter workers point out that, since in the case of most animals food is 
taken in only at intervals, the absorbed constituents of the diet are not 
oxidized immediately but must be deposited for a short period. The 
quantity of glycogen which may be stored in the organs is relatively 
small; most of the absorbed carbohydrate is therefore transformed 
immediately into fatty acids, which are laid down in the fat .depots to be 
utilized for combustion during the post-absorptive periods. McHenry 
and Cornett (223) assume that fat is the fuel for basal metabolism, while 
carbohydrate may be the more ready source of energy ior muscular work. 
If such were the case, the animal would require fat which-could be supplied 
. in the diet, or which could be biosynthesized from carbohydrates under 
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the influence of thiamin and perhaps other members of the vitamin B 
group. With reduced fat intake the amount of thiamin required to bring 
about the synthesis of fat would be increased, and, conversely, the need 
for thiamin would be lessened by the presence of fat in the food. 

h) Riboflavin and FaL The interrelated effects of fats and riboflavin 
(vitamin Bg) are not clearcut, nor has as much work been done in this 
field as in the case of thiamin. In 1934, Evans et al. (126) reported that 
fat has no sparing action on the riboflavin requirements of the rat. 
Mannering and co-workers (231, 232) postulated that the riboflavin 
needed by rats is increased on high-fat diets. 

Elvehjem (loy) has suggested that the intestinal synthesis of ribo¬ 
flavin is inhibited when fat is substituted for dextrin in the diet. On the 
other hand, Czaczkes and Guggenheim (69) found that rats maintained 
on a low-protein diet excrete so much riboflavin that they fail to maintain 
a functional level in their tissues, and ultimately die of ariboflavinosis 
despite the administration of comparatively large doses of this vitamin. 
An increase in the protein or fat content of such diets causes a reduction 
in the excretion of riboflavin, while decreasing the fat content raises the 
excretion. These effects are attributed to variations induced in the ribo¬ 
flavin levels of the tissue as influenced by the extent of synthesis of this 
vitamin by intestinal flora. Rats on high-protein and high-fat diets 
needed at least twice as much riboflavin as rats kept on a “normal'' diet 
for the maintenance of the riboflavin level in the organs and in the urine. 
Unfortunately, neither gains-in-weight nor food consumptions were 
recorded in this experiment. 

In an earlier report. Potter et al. (263) were unable to show with 
puppies a similar increase in riboflavin requirements with high-fat diets. 

Fat has a stimulatory effect on microbial growth as demonstrated in 
the microbiological methods for the determination of riboflavin (21, 326). 
In the case of the riboflavin assay, fat fails to act like the vitamin but 
its presence is responsible for greatly augmenting the microbiological 
response. 

cj Pantothenic Acid and Fat. Salmon (293) observed that the activity 
of pantothenic acid is closely related to that of pyridoxine and the 
essential fatty acids. All three substances are required for the cure of 
the dermatitis caused by pantothenic acid deficiency. It has been sug¬ 
gested by Stotz (325) that pantothenic acid in the form of a co-enzyme A, 
co-acetylase, may be involved in the fatty acid synthesis. Lipmann and 
his co-workers (215) were the first to report the presence of such an 
enzyme which they called acetylase. It was suggested that acetylase 
plays a r 61 e in both pyruvate and acetate metabolism (253, 254). More 
recently, Soodak and Lipmann (3x9) have proved that co-enzyme A is 
concerned with the formation of acetoacetate from acetate. It would 
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therefore appear probable that pantothenic acid is essential in the bio¬ 
synthesis of fat. The requirements would then depend on the amount 
and type of fat in the diet. 

Fat shows the same type, of stimulating effect in the microbiological 
assay for pantothenic acid as is the case in the assay for riboflavin. Again, 
it acts atypically but it markedly increases the growth of microorganisms. 

d) Pyridoxinc (Vitamin and Fat. The sparing action of fat on the 
pyridoxine requirement has been demonstrated by many workers (29, 276), 
Birch and Gyorgy (29) showed that a dermatitis, caused by a low py¬ 
ridoxine intake on a 10% butter fat diet, could be cured by the addition 
of small amounts of lard. The addition of fat delayed or completely 
prevented the onset of the dermatitis caused by pyridoxine deficiency 
oven to the time of death (28). In 1938, Salmon (292) reported that vita¬ 
min B^and fats supplement each other in curing dermatitis; the effective¬ 
ness of the fat was directly proportional to its degree of unsaturation. 

Linoleic acid is the most effective unsaturated acid in curing pyri¬ 
doxinc deficiency, followed by arachidonic acid and then by linolenic 
acid. The same sequence is valid in curing uncomplicated scaly skin. 
Salmon (292) and others {268, 304) first reported the greater potency 
of linoleic acid over that of linolenic acid. Also, it was shown that the 
effectiveness of several natural fats was in proportion to their linoleic 
acid content. Tlius, corn oil had greater activity than linseed oil; and 
other fats followed in the decreasing order of their linoleic acid content. 
Cod liver oil gave a negative result. Richardson and his colleagues (276) 
reported that linoleic acid displays a greater curative action on dermatitis 
than arachidonic acid. The latter workers also suggest that the un¬ 
saturated acids do not replace pyridoxine but delay the onset of the skin 
symptoms. The decreasing antidermatitic effectiveness of butter fat 
when the fat becomes rancid is apparently associated with the destruction 
of its linoleic acid content {303). 

The dermatitis produced by deficiency of the essential fatty acids is 
exaggerated when the non-es.sential fatty acids or fats are fed. Thus, 
Sarma et al. (2g6) showed that the addition of oleic acid to a ration 
containing suboptimal amounts of pyridoxal or pyridoxine resulted in 
growth inhibition. This could be counteracted by the administration of 
more vitamin 

The interrelation of essential fatty add and pyridoxine deficiencies 
has been emphasized recently by Medes and co-workers {237). When the 
diet is lacking in both of these components, a relief from the deficiency 
can be obtained by the administration of either ethyl linoleate or P5n:i- 
doxine. However, the growth response to pyridoxine alone was greater 
than that resulting from ethyl linoleate alone; the best results were 
obtained when both components were fed simultaneously. 


3 ’ 
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McHenry and Gavin (226) have concluded that the role of pyri- 
doxine in the mammalian organism includes that of fat synthesis from 
protein. Since Umbreit and Gunsalus (j4j) have proved that pyri- 
doxinc is involved in the enzymatic decarboxylation of amino acids, 
which is one of the essential steps in the production of fat from protein, 
the suggestion of McHenry and Gavin would seem to gain considerable 
support. 

ej Niacin, Folic Acid, and Fat. According to Elvehjem (J07), the 
intestinal synthesis of both niacin and folic acid is stimulated by the 
addition of fats to the diet. Butter fat gave somewhat better results 
than did corn oil. 

Fat apparently also exerts a niacin-sparing action. The growth- 
promoting action of supplementary cystine when fed to rats on a casein 
diet as first observed by Osborne and Mendel {255 a) only occurs on 
high-fat diets when adequate labile methyl groups are available. The 
effect of the fat is also partly ascribable to the fact that the nicotinic 
acid requirement is lower when fat is the chief source of calories than 
when the diet is predominantly a carbohydrate one (29j a). The necessity 
of dietary fat in order for the sparing effect of cystine on protein meta¬ 
bolism to be observed has been confirmed by Geiger {136 a). 

f) Biotin and Fat, In 1927, Boas (30) reported that rats which had 
suffered severe deficiency in biotin, possess almost no stores of body fat. 
The administration of biotin to rats has been shown to increase the body 
fat as well as to cause a fatty infiltration in the liver (136). These fatty 
livers are characterized by their high cholesterol content and resemble 
those produced by feeding a fraction from beef liver (226). It was dis¬ 
covered by Pavcek and Shull {260) that rancid fats inactivate biotin 
but that tocopherol inhibits this process. Although such inactivated 
biotin is not utilizable for supporting the growth of Lactobacillus casei, 
it is still active for the growth of yeast. Mei^ville {241) believes that 
upon inactivation of biotin by rancid fats, biotin sulfoxide is formed. 

There is much evidence from microbiological studies that biotin and 
fat are interrelated. A particular strain of Lactobacillus isolated from 
the caecal contents of rats was found to require oleic acid for growth (333), 
This organism could be transferred repeatedly on synthetic media but 
only when oleic acid was present. Williams and Fieger (J57) reported 
that oleic acid as well as lipid extracts of rice polishings possess a growth- 
stimulating action on Lactobacillus casei similar to biotin. Although 
a maximum acid production had taken place by the bacteria in the 
presence of lipids, no synthesis of biotin had occurred, as was demon¬ 
strated by the analysis of the acid-hydrolyzed cells. It is suggested that 
the bacteria are able to adapt themselves either to the biotin-free or to 
a biotin-low environment. These results would seem to contraindicate 
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the idea that the fatty acids are concerned with biosynthesis of biotin 
in the intestine. This is in line with the results of Oppel (255) who found 
that a relatively constant level of biotin excretion occurs in the urine 
(apparently from bacterial synthesis) and that superimposed on this are 
sudden variations due to biotin changes in the diet. 

Although Tracer (sj6 ) reported that the biotin-like activity of acid- 
hydrolyzed plasma could be traced to an ether-soluble component of the 
non-saponifiablc residue, Hofmann and Axelrod (175) were unable to 
confirm this claim. The biotin-like effect of human and beef plasma was 
found to occur exclusively in the saponifiable fraction. Esterification of 
the biologically active fraction with diazomethane, followed by distillation 
of the resulting methyl esters gave a fraction of high activity. Oleic acid 
on a weight basis was shown to possess about the same potenc}^ The 
liquid acid fraction of plasma (containing oleic, linoleic, and arachidonic 
acids), obtained by lead soap wSeparation, had a greater growth activity 
for the Lactohacilli, although the saturated acids were found to possess 
some synergistic action {12). More recently, Tracer { 334 ) has noted that 
the intramuscular injection of oleic acid does not have the same effect 
in reducing the severity of chick dermatitis (produced by raw egg white) 
as has biotin or the fat-soluble fraction from hydrolyzed plasma. However, 
Williams and Fieger {356) have reported that the lipids from rice 
polishings which have a biotin-like activit}^ in the case of Lactohacilhis 
casei and L. amhinosus, will not reduce the biotin-deficiency symptoms 
in white leghorn chicks. Oleic acid can also substitute for biotin in the 
nutrient medium for mosquito larvae (JJ5). 

There have been several suggestions as to how biotin functions in 
fatty acid metabolism. Tracer (335) concluded that biotin must serve 
in the synthesis of fatty compounds or of substances containing fatty 
acids, such as lecithin. The results of Rubin and Scheiner {28g) 
indicate that the vitamin is primarily concerned with the synthesis of 
one or more fatty acids. In proof of this hypothesis, they have shown 
that such biotin antagonists as homobiotin, trishomobiotin, homobiotin 
sulfone, and trishomobiotin sulfone, have no effect on Lactobacillus 
arabinosus when oleic acid is used as a biotin substitute. This indicates 
that the fmiction of biotin is to effect the synthesis of oleic acid since 
the biotin antagonists are inactive when the products of such synthesis 
are employed. 

The biotin-like effect of oleic acid is shared by a number of related 
compounds. Thus, a number of configurational and structural isomers 
of oleic acid are relatively active. A decreased effectiveness occurs only 
when the fatty acid has a higher degree of unsaturation than that caused 
by the presence of one double bond. Hydroxylation or hydrogenation 
of the double bond results in complete inactivity. The relative biotin-like 
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effect of a number of acids tested on Lactobacillus arahinosus by Axelrod 
et aL {12) is given in Table 12. 


Tabic 12. The Biotin-like Effect of Oleic Acid Derivatives on the 
Growth of Lactobacillus arabin 0 sus (12). 


Compound 

Formula 

Activity in 
millimicro,?raiTis 
of biotin per mg 

Oleic acid 

CH3(CH2)7CU : CH(CH2)7C00H (cis) . 

{>,0 

Methyl oleatc 

CH 3 (CH 2 ) 7 CH : CH(CH 2 ) 7 C 00 CH 3 . 

3.2 

Oleic acid amide 

CH 3 (CH 2 ) 7 CH : CH(CH 2 ) 7 C 0 NH 2 . 

^3 

Oleyl alcohol 

CH 3 (CH 2 ) 7 CH : CH(CH 2 i 7 CH 20 H .| 

<0.05 

Linoleic acid 

CH 3 (CH 2 ) 4 CH : CHCH 2 Cil: CH(CB^)SOOli . 

4,0 

Linolenic acid 

CH3CH2CH : CHCHgCH : CHCHgCH : (;iI(CH 2 ) 7 C 0011 . 

T .7 

Elaidic acid 

CH3(CH2)7CH : CH(Cll2)7COOH ‘‘(trans) _. 

1,0 

Vaccenic acid 

CHgCCHoisCH : CH(CH2)9COOH. 

D2 

Stearic acid 

CHjCCH^jisCOOH. 

<0,05 

Dihyd roxystearic 
acid (94° C.) 

CH3 (CH„),CHOHCHOTT(CHj),COOII. 

<0,05 

Dill yd roxystearic 
acid (i30,7°C.) 

CH3(CH2)7CHOHC}IOHrCH2)7COOH.. 

<,o,os 

Azelaic acid* 

H00C(CH2)7C00H ...'. 

<0,05 

Pelarfifonic acid 

CH.(CHo’)XOUH. 

<'0.0‘^ 


g) Fat-soluble Vitamins and Fats, The quantity and type of the fat 
in the diet is of particular importance in assisting in the absorption of 
the fat-soluble vitamins from the gastro-intestinal tract. Thus, when an 
inert hydrocarbon such as mineral (paraffin) oil, which cannot be ab¬ 
sorbed in the intestine, is fed, an interference in the utilization of critical 
doses of vitamin A {288), carotene (68), and vitamins D, E, and K (7) 
occurs. However, Melnick and Oser (240) report that by means of a 
diet containing an inert hydrocarbon it was possible to add sufficient 
vitamins A and D to provide nutritionally adequate quantities of these 
vitamins. 

Muelder and Kelly (24^) have shown that the absorption of vitamin 
A by depleted rats was aided by dietary fat, although its subsequent 
utilization was independent of the fat. However, it was reported by 
Russell and his collaborators (2gi) that the absorption of prefonned 
vitamin A by the chick is independent of the level of dietary fat, but 
that the absorption of carotene is markedly improved by the presence 
of fat in the ration. Kringstad and Lie (203) noted that preformed 
vitamin A had about the same biological activity whether administered 


Aqueous solution employed for assay. 
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in alcohol or in ester form. However, there is some evidence that the 
biological value of the vitamin A alcohol and ester forms vary depending 
on the type and level of the fat in the diet or supplement (j^9, 349 a). 
Carotenoid utilization by the rat has been shown to dcpcjnd upon the 
solvent in which it is administered (211, 314). Fraps and Meinke [134) 
in a comparative test based on liver storage and fecal excretion in rats, 
found that carotene, when fed in the form of vegetables, has considerably 
less biological value than when fed in butter fat. The same relative 
results were observed in man {202), Gottlieb et al. (144) found that on 
a diet rich in fat there was an increased requirement for tocopherols 
(vitamin E). 

Booth et al. (36) reported that both vegetable and animal fats have 
some antirachitic effect on rats receiving a high-calcium-low-phosphorus 
rachitogcnic diet, thus reducing the requirement for vitamin D. Strong 
and Carpenter (326) obtained avitaminosis K in rats when the animals 
were fed a diet high in dihydroxystearic acid (8%). The hydroxyacid may 
have interfered with the bacterial synthesis of vi tamin K in the intestinal 
tract. 

6 . Relation of Fat to Protein Metabolism, 

Until recently the general opinion has been prevalent that only carbo¬ 
hydrate can display a protein-sparing action while fat has been considered 
totally void of such activity. These conclusions have been based on the 
classical experiments of Lusk (221). Although there is still much evidence 
that carbohydrate plays a dominant role in controlling the level of protein 
metabolism, more recent work has indicated that fat may likewise take 
a specific part in preventing the breakdown of protein under certain 
conditions. Swanson and her co-workers (33S) were the first to demon¬ 
strate that nitrogen retention is better in rats on a protein-free diet when 
the calories are restricted, if fat is present in the diet, than when it is 
absent. Thus, the so-called ‘'wear and tear quota”* of protein metabolism 
was maintained on a protein-free diet containing fat when the calorics 
were restricted to 50% of that normally required. The level of nitrogen 
excretion was only moderately increased when the caloric intake was 
owered to 25%. On the other hand, when fat was absent from the diet, 
the nitrogen minimum was only maintained when the diet was fed at 
a level of 75% of the caloric requirement. At the 50% level, a marked 
increase of nitrogen excretion occurred and, when the diet was reduced 
to 25% of the caloric needs, the nitrogen excretion reached an extremely 
high level. 

* ‘*Wear and tear quota*' or "nitrogen minimum’* Ls the nitrogen excretion 
which is produced by ingestion of a protein-free, carbohydrate-rich diet over a 
prolonged period. The urinary nitrogen is reduced to the lowest possible value 
by this dietary procedure. 
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Similar conclusions may be deduced from other tests carried out by 
Swanson and her co-workers, in which methionine was introduced to 
produce a further sparing effect on protein metabolism. Their results are 
summarized in Table 13. 


Table 13. Nitrogen Excretion of Rats Receiving Protein-free Diets 
which were Fat-free or Contained 10% Fat, Fed Alone or with 
Methionine at 100, 75, 50 and 25% of the Required Caloric I.evels { 358 ). 


Per cent 
caloric 
requirement 

Diet 

Protein-free diet 

Protein-free diet -f- methionine 

Basal 

N-excretion 

(iiig-) 

Experi¬ 

mental 

N-excretion 

(ing-) 

Difference 

(nig.) 

Basal 

N-cxcrelion 

(mg.) 

Experi¬ 
mental Difference 

N-excrctionj (^g.) 

(mg.) 1 

100 

Fat-free ... 

280 

185 

•“ 95 

295 

i 

177 1 —118 


10% fat... 

295 

210 

- 85 

315 

1S8 ! -127 

75 

Fat-free ... 

272 

2II 

— 61 

270 

204 ' — 66 


10% fat... 

310 

263 

— 47 

310 

215 95 

50 

Fat-free ... 

283 

594 

+ 311 

257 

260 t -f 0 


10% fat... 

265 

289 

+ 24 

29(1 

256 1 — 42 

25 

Fat-free .., 

249 

1 8 i8 

+ 569 

281 

577 + 29<’ 


10% fat... 

290 

i 

1 +254 

329 

523 +194 


The recent report of Samuels, Gilmore, and Reinecke (295) who 
made use of an entirely different technique has offered confirmation of the 
sparing action of fat on protein metabolism. When rats were fed over 
a period of four weeks on diets containing 80% of the calories furnished 
by carbohydrate, fat, or protein, it was found that the lowest nitrogen 
excretion obtains in those animals on the high-fat diet. Moreover, in 
a subsequent fasting period which continued until the death of the 
animals, it was found that the longest survival occurred in the group 
which had received the fat diet. This is probably to be ascribed to the 
greater sparing action of fat on the nitrogen metabolism, and the pro- 
ongation of the period before the so-called pre-mortal rise in nitrogen 
appears. These results are summarized in Table 14. 


Table 14. Average Nitrogen Excretion of Rats on Special Diets and During 
Subsequent Fasting Periods with Voluntary Activity and in Rats Undergoing 
Exhaustive Exercise (295). 


Diet 

Nitrogen excretion in gram/day/rat* 

Nitrogen excreted 
during work 
mg./xooo revolutions 

On diet 

0—4 days 
of fasting 

6—11 days 

1 of fasting 

13 day-death 
in fasting period 

Carbo¬ 
hydrate . 
Protein... 
Fat.’. 

0.3375+0.0053 
1,369 ±0,038 
0,3165^0.0080 

0.1770 io.OoOsj 
0.2547 ±0.0314' 

0,1104 ±0,0057 

0,1318 + 0,0111 
0,1427 + 0,0392 
0,1004 + 0,0094 

0,2286 + 0,0131 

0,1407 + 0,0272 

0,0465 + 0,0058 
0,0521 + 0,0095 
-0,0341 + 0,0044 


♦ Including the standard error of the mean. 
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The improvement in protein metabolism by the inclusion of fat in 
the diet is also emphasized in the earlier work of French, Black, and 
Swift {jJ5 ). They demonstrated that more rapid and efficient gains-in- 
weight occurred in rats on low-protein diets when the diets contained 30% 
of fat than when only 2% was present. 

That the protein-sparing action of fats may likewise have application 
to man is indicated by the recent work of Schwimmer and McGavack 
( 308 ). Low nitrogen excretion was maintained in human subjects only 
when the protein-free diets, fed at considerably below the levels required 
for caloric equilibrium, contained fat. 

A possible explanation for the behavior of fat on protein metabolism 
may be obtained from the recent results ot Pearson and Panzer ( 261 ). 
These workers found that the loss of phenylalanine, valine, lysine, and 
methionine in the urine and feces of growing rats was less when the 
dietary regimen contained corn oil than when no fat was present. Although 
the variations in the quantities of the amino acids excreted were small, 
the differences in figures on the fat-free diets and fat-containing diets were 
statistically significant in a number of cases. Similar changes were shown 
to occur in mature rats when the fecal and urinary excretion of the four 
amino acids mentioned was compared on diets containing no fat and 8% 
com oil; however, these differences are less marked in favor of the fat 
ration. We may expect further developments in this field in the near 
future. 

7. Fats in Relation to Specific Dynamic Action of Foodstuffs. 

Fats exert a peculiar effect on the specific dynamic action* of carbo¬ 
hydrate and protein, when fed with either or both of these foodstuffs. 
Previous to the recent studies ( 130 ), it had been generally assumed that 
the specific dynamic effects of foodstuffs when fed in combination with 
each other are strictly additive. Some years ago, Murlin and Lusk { 248 ) 
had demonstrated on dogs that the extra heat produced when glycine 
(20 grams), glucose (70 grams), and fat (75 grams) were fed together was 
practically identical with the value calculated from the sum of the three 
individual specific dynamic effects as determined separately. Although 
the results of Murlin and Lusk are quite definite, it is possible that an 
erroneous conclusion may have been reached since the calculations were 
based only on a two-hour period (at which time the specific dynamic 
effects were believed to be at the maximum) rather than for the whole 
period during which the action had continued. 

♦ "Specific dynamic action" refers to the extra heat which results over a period 
of hours following the ingestion of food over that produced in basal metabolism. 
The extent of increase varies with the type of foodstuff, the amount ingested, 
“nutritional state” and the environmental conditions. 
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Forbes and Swift (ijo) have, by the use of a new method for the 
study of specific dynamic effects, recently come to the opposite con¬ 
clusion. They suggest that the advantage of their new procedure as 
compared with the measurement of dynamic effects of single test meals 
(fed to animals during a post-absorptive state) is that they are more 
representative of nutritive practice. The new method does not cause 
a confusion with the dynamic effects of catabolized body nutrients. 
Finally, the results are more significant and probably more accurate 
since they are measured as differences between the amounts of heat 
produced at established levels of metabolism, without need for concern 
as to the beginning, the maximum, or tlie end of specific dynamic effects 
of a single meal. 

The determination were carried out for a period of seven and one-half hours. 
They were started one and one-half hours after the morning feeding. When beef 
protein in an amount corre^iponding to looo calories was fed separately, the 
specific dynamic effect amounted to 323 cah)ries. With cerelose (commercial 
glucose) the specific dynamic effect was 202 calories and with lard it was only 
160 calories when a quantity of either of these foodstuffs equivalent to 1000 
cal ries was given. 

When cerelose and protein were fed together, the response agreed 
quite closely with that exjiected as calculated from the specific dynamic 
effect of that quantity of each foodstuff when fed separately. On the 
other hand, whenever lard was included in the mixture tested, the cal¬ 
culated value was always considerably greater than that experimentally 
determined. For example, when beef protein and lard were fed together, 
only 113 extra calories were produced compared with a computed value 
of 244 calories. This sparing effect of fat on specific dynamic action was 
observed not only when it was combined with protein but also mixed 
with cerelose or with a mixture of cerelose and protein. No such deviation 
from the expected values was noted when carbohydrate and protein were 
combined. It is therefore evident that fat is the only foodstuff having 
the specific effect described. Forbes and Swift (ijo) termed these 
phenomena the ‘'associative dynamic effect”. A summary of their 
experiments is given in Figure i. 

It is therefore evident that the use of fat instead of carbohydrate 
results in a considerable economy of food utilization, since less calories 
are lost as a result of the specific dynamic action. According to Forbes 
and his co-workers, it is not necessary to diminish the protein content 
of a diet during hot weather in order to obtain a low-heat increment, 
but rather one needs only to substitute fat for a part of the carbohydrate. 
There is a physiological economy in the high-fat diet of working people 
in certain tropical countries such as Brazil. 

These results have recently been reviewed by Swift and Black (J2p), 
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Beef protein 
looo 


323 


Orolose 

Lard 

TOOO 


160 


1000 


202 


Cerelose ... 

. 4.^2 

Beef protein 

.568 

Exjx-r. 238 

Comp. 272 


Beef Protein.563 

Lard.437 




Exper. 113 

Comp. 24.1 


Cerelose ... 


Lard. 

. 505 



Exper. no 

Comp. 183 

Cerelose ,... 

.. 300 

Beef Protein. 


Lard. 

.. ^06 

Exper. 181 

Comp. 231 


I. Dynamic effects per 1000 calories of gross energy of nutrients as affected by nutrient 
combination. [J. Nutrit. 27, 453 (1944)] (/30). 


8 . Fats in Relation to Growth, 

The beneficial effects of diets containing generous quantities of fat 
arc also apparent from the more usual procedures for determining nutri¬ 
tional values. For example, on the basis of growth tests on weanling rats, 
it has been shown by Deuel et al. (gi) that the feeding of diets containing 
20 to 40% of fat results in superior growth over that obtained with rats, 
fed diets containing no appreciable quantities of fat, with or without the 
presence of essential fatty acids; even when 5 or 10% of fat was in¬ 
corporated in the diet, inferior growth was observed. The superior 
growth on the high-fat diets is partly to be ascribed to the greater intake 
of energy. A similar result has also been reported by Hoagland and 
Snider {174). 

The effect of fat on growth may be partly attributed to a greater 
efficiency of utilization, as has been reported by Forbes and his co- 
workers (131, 132). The comparative effects of different levels of fat in 
the diet is illustrated in Figure 2 which refers to an eighteen-week period 
with the cottonseed oil tests and to a twelve-week period with the mar¬ 
garine fat tests. 

The improved nutrition which results from the inclusion of generous 
amounts of fat in the diet is likewise indicated in experiments on rats 
which were fed for a period of twelve weeks on calories so restricted that 
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the weanling animals failed to gam any appreciable weight (302). This 
restricted period was followed by one of ad libitum feeding during which 
those animals which received 10 to 40% of fat in the diet grew best, 
especially during the final three-week period. The rats on the highest 
fat levels still showed the greatest potentiality in growth during the last 
period. These results are illustrated by Figure 3. 



COTTON SEED OIL MARGARINE FAT 

Fig:ure 2. The average! body weight of weanling 
male rats at the start (lower! blank space), after 
3 weeks (solid black), after*6 weeks (stippled), after 
Z2 weeks (cross-line), and after x8 weeks (top blank 
space). The figures in the lower blank arc the diet 
numbers. [J. Nutrit. jj, 569 (1947).] 



MALES FEMALES 

Figure 3. The average body weight of weanling rats 
at the start (lower blank space), after 12 weeks on res¬ 
tricted calories (solid black), after 3 weeks ad libitum 
(stippled), after 6 weeks ad libitum (lined), after 
9 weeks (upper stippled), and after Z2 weeks (upper 
blank space). [J. Nutrit. jj, 583 (1947).] 


Essentially similar data have been reported by Scheer et al. (joo) for 
high-fat diets when fed in conjunction with an experiment where young 
adult rats were first subjected to severe caloric restrictions. Under such 
conditions the loss-in-weight in the rats receiving the high-fat diet as 
compared with those receiving the fat-free diet was found to be less 
rapid. A smaller mortality likewise obtained when a liberal proportion 
of fat was present in the diet as contrasted with a fat-free diet. During 
the period following caloric restriction, when ad libitum feeding was 
employed, the recovery was more rapid on diets containing 20 to 40% 
of fat than on a fat-free regime. 

A number of other investigators have confirmed the fact that the 
inclusion of a considerable quantity of fat in the diet improves growth. 
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These reports include a second one of Forbes et al, {133) as well as a study 
of French, Black, and Swift (jJ 5 ). In the latter paj)er, it was shown 
that more rapid and efficient gains in weight resulted on low-protein diets 
when 30% of the fat was included than when only 2% was present. Most 
recently, Pearson and Panzer (261) have shown that rats fed an ad 
libitum diet containing 8% of corn oil or lard gained 29% more than 
those kept on a diet containing no added fats but supplemented with 
ethyl linoleate. However, there was no significant difference in the gains- 
in-weight of the rats on the several diets when the intake of protein and 
energy were equalized. 

9. Fats in Relation to Sexual Maturity. 

Although the time at which sexual maturity is reached has ordinarily 
not been considered as one of the indices of nutritional value, the results 
are indirectly a register of such activity since they are closely bound up 
with growth. The time at which the female rat becomes sexually mature 
can be determined with reasonable precision from the opening of the 
vagina. Whereas this phenomenon did not occur in the normal rat on 
the fat-frec diet until it was eighty-one days of age, it took place as early 
as seventy days in rats receiving 5% fat, and at sixty-five days in the 
animals eating a 40% fat diet (91). On the other hand, female rats which 
had been so restricted in calories that they failed to grow appreciably for 
twelve weeks after weaning (105 days of age), were in no case sexually 
mature. When ad libitum feeding was instituted, the animals grew 
rapidly. The vaginas opened in fifteen days in the rats receiving the 
fat-free regime, while only eight days were needed for this physiological 
change in the rats on a 20% fat diet (J02). These results arc summarized 
in Table 15. 

Table 15. The Effect of Fat Level of the Diet on the Time When 


Maturity Develops in the 

Female Rat {302), 




Average time in days to maturity after start 


of ad libitum feeding with diets containing 

Previous dietary regime 

-r -. 


- - - 



0% fat 1 5% fat 

) 

10% fat 

20% fat 

40% fat 

Normal rats, 3 weeks old at start, on diets 
ad libitum from weaning (gi) . 

1 

^ 1 

60,2 I 49,0 

45.5 

44.8 

44. i 

Restricted rats, 15 weeks old at start, after 
12 weeks on restricted calories {302) . 

14.7 IL 9 

1 10,5 

7>7 

9.8 


10. Fats in Relation to Pregnancy and Lactation. 

Nutritionists are unanimous in the opinion that pregnancy affords 
a better index of nutritional value than does growth alone. Lactation is 
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known to be a still more critical method of establishing nutritive value 
than is pregnancy. Although no differences in reproductive and lactation 
performance could be noted in normal rats receiving diets which included 
5 to 40% of fat, such responses were found in all cases to be markedly 
superior to those obtained on a fat-free diet (gi). On the other hand, 
in the case of the female rats recovering from a period of undernutrition, 
the total weight of the litters was highest at twenty-one days in those 
females on the 40% fat diet. The results of the groups receiving 5 to 20% 
of fat did not show much variation but in these instances, the weight of 
the offspring was considerably higher than for the rats receiving a fat-free 
diet. 

Only 22% of the females which were kept on a fat-free diet were successful 
in casting litters, contrasted with variations from 55 to 90% in the animals receiving 
the diet containing fat. Moreover, the individual baby rats weighed on an average 
only 17,3 grams, at twenty-one days of age in those cases where their mothers 
had been on a fat-free diet, while the weight of the young varied between 27,3 
and 36,9 grams in the cases where their mothers had received appreciable amounts 
of fat during the pregnancy period. 

However, in recent tests (J02) in which the animals had been subjected 
to a twelve-week period of undemutrition followed by ad libitum feeding, 
the best reproductive and lactation performances were observed in those 
animals which received a diet containing 40% fat. Thus, the total litter 
weight at twenty-one days was only 152 grams in the animals receiving 
the fat-free diet containing methyl linolcate compared with a value of 
283 grams for the animals receiving 40% fat in the diet. These data are 
summarized in Table 16. 


Table 16. Reproductive Performance of Female Rats Recovering 
from a Period of Undernutrition {302). 


Diet 1 


j Average litter weight | 

Average rat weight 

Number 

Fat content 

Rats 

per litter 

3 days 

j 31 days 

3 days 

21 days 

(per cent) 

1 

1 (g-) 

60b 


5.3 

47.6 

1 

152 

8,9 

26,1 

bl i 

5 

6,8 

47.7 i 

219 

in 

, 32,4 

62 

10 

in 

64.3 i 

167 

8,4 

■ 27,8 

Stock 

14 

7.0 

53.8 j 

175 

in 

23.3 


20 

8,5 

60,8 j 

230 

in 

j 31.8 

64 

40 

8.9 

72.3 j 

283 

8,1 

i 3°.6 


ScHEER and co-workers (joo) likewise offered confirmation to the 
better effect on pregnancy to be obtained with high-fat diets. These tests 
were carried out on female rats, following caloric restriction which was 
so severe that the animals lost approximately half of their weight during 
a period of twelve weeks. Breeding tests were conducted immediately 











Some Biochemical and Nutritional Aspects in Fat Chemistry. 


47 


following the recovery on ad libitum feeding. Whereas no litters were 
born to the rats which received 5% of fat in the diet, only one-fifth of 
those receiving no fat or were fertile while four-fifths of those on 
the 20% and 40% levels cast litters. However, in none of these cases 
were the mothers able to raise their litters successfully to twenty-one days. 

It would appear that the most satisfactory results on pregnancy and 
lactation performance are given b\^ those animals which receive fairly 
generous amounts of fat in the diet. 

II. Fats in Relation to Working Capacity and Survival. 

Although capacity for work has not ordinarily been used as a method 
for evaluation of the nutritional value of diets, the length of survival 
under adverse nutritional conditions has sometimes been so employed. 
Both of these indices suggest that high-fat diets have a better nutritional 
status than do fat-free ones. Although Kkogh and Lindiiard [204) 
reported some time ago that work could be accomplished approximately 
10% more efficiently if carbohydrate were the source of calories than 
when fat served this same purpose, their results appeared to be contra¬ 
dictory to the e.xhaustive tests made earlier by Anderson and Lusk [4). 
The latter workers reported that, from a caloric standpoint, dogs ran 
equally efficiently in the respiration calorimeter irrespective of whether 
they had a respiratory quotient of 1,0, indicating the utilization of carbo¬ 
hydrate, or whether they had been previously fasting for approximately 
twenty days and showed from their respiratory quotient that they were 
using fat almost exclusively as a source of energy. 


Tabic 17. The Effect of Fat Level in the Diet on Working Capacity 
of Rats as Determined by a Swimming Test (joj). • 

(Figures in parentheses represent the average number of experiments.) 


Sex 

Weeks on diet 

Duration of 

60 a j 60 b 
0% 1 Oo/o * 

swim in seconds on different diets co 
following p<T cent, of fat 

61 j 62 j Stock j 63 j 65 
5 % i 10% 1 14% 1 20% : 30% 

ntaining 

O4 

40% 

the 

66 

50% 



Cottonseed oil diets. 






Female .... 

6 

512 

580 

602 

777 

1025 

1062 

— 

922 

— 



(5) 

(5) 

(C>) 

(5). 

( 4 ) 

( 5 ) 


(3) 


Male. 

6 

805 

O92 

lOIQ 

921 

955 

1223 

— 

1143 

— 



(5) 

(5) 

(5) 

(3) 

(4) 

( 5 ) 


(5) 


Male. 

12 

645 

637 

769 

850 

1084 

840 

— 

1068 




(20) 

(19) 

(19) 

(17) 

(19) 

(19) 


(15) 




Margarine fat diets. 






Male. 

12 

485 

— 

— 

806 

1218 

1174! 

1065 { 

1 876 

1122 



(23) 



(lO) 

(8) 

(8)i 

(25) ! 

! ( 4 ) 

(lOl 


* Contained linoleic acid. 
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More recently, Deuel et ah {gi) found that rats maintained on diets 
containing 5 to 50% fat were able to swim for markedly longer periods 
than those which had received a diet containing no fat. That this was 
not due to differences in buoyancy of their bodies resulting from variations 
in the fat content, was indicated by the fact that the animals previous 
to the tests had been adjusted to similar specific gravity. Table 17 which 
illustrates these results is given below. 

The average duration of the swimming period for animals -which 
received no fat in the diet varied from 485 seconds to 805 seconds, whereas 
the results on animals receiving 20% of fat in diet gave values varying 
from 846 to 1223 seconds. The tests were carried out by a special procedure 
worked out by Scheer and his collaborators (joi). 

The greater physical capacity of rats held on a fat regime is beautifully 
illustrated in the tests of Samuels, Gilmore, and Reinecke (295). These 
investigators fed rats on diets containing 80% of the calories from fat, 
protein, or carbohydrate, for a period of four weeks prior to the experi¬ 
ments which were made during subsequent fasting. Not only was the 
nitrogen excretion lowest in the previously fat-fed animals, but the 
spontaneous and forced activity as well as the period of survival were 
also greatest in the same group. 

Table 18. Effect of a Previous Diet Consisting Largely of Carbo¬ 
hydrate, Fat, or Protein on Spontaneous and Forced Activity, 
Nitrogen Excretion and Period of Survival of Rats During Feasting (295). 
(Figures in parentheses designate the number of rats in each group. The values 
include the standard error of the mean.) 


Previ(>us diet 

Spontaneous activity 
for 2 -4 days, 9—11 days 
and 16-18 days of fasting 

Revolutions of cages 

pL-rced activity 

Revolutions of cages 

Survival time 

days 

Fat. 

6730 ± 915 {J2) 

8800 i 1020 (13) 
79O0 ± 738 (7) 

19 70^^ 1780 (12) 

18.3 ± 0.44 (12) 

Carbohydrate. 

4040 i 411 (i6) 
8660 i ioi? (14) 
8650 (3) 

13800 ± 1630 (14) 

• 15.5 ± 0.46 (13) 

Protein. 

3600 ± 262 (7) 
7220 ± 500 (4) 

(0) 

6465 ± 1650 {9) 

10,2 i 1,68 (9) 


Gilmore and Samuels (142) have shown that a difference in glucose 
utilization in the diaphragmatic muscle obtains in the tissues from those 
animals previously fed on carbohydrate and from those which had 
received fat. This is in line with an earlier report by Lundbaek and 
Stevenson (219), 'in which it was demonstrated that the voluntary 
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muscle of a carbohydrate-fed rat utilized glucose in vitro at twice the rate 
of that of the fat-fed animal, when both were exposed to the same en¬ 
vironment. 

The fact that the period of survival of rats previously fed on a high- 
fat diet is longer than the corresponding period is the case of those pre¬ 
viously kept on a high-carbohydrate diet, is to be traced to a difference 
in the metabolic pattern; this was indicated by earlier work of Samuels 
and his collaborators (280). Thus, Roberts and Samuels {281, 282) 
found that rats which had been accustomed to the high-fat regimen had 
a markedly lower susceptibility to injected insulin than did those which 
had been on a high-carbohydrate diet. These authors ascribed the pheno¬ 
menon to the more i)rolonged retention of liver glycogen in fat-fed animals. 
It was also suggested (283) that animals which had been fed on a diet 
in which 95% of the calories originate from fat, develop a sparing action 
for carboh^^drate. This hypothesis is supported by the fact that when 
the livers are removed from such rats, the hepatectomized animals live 
longer and are free from hypoglycemic symptoms for a more prolonged 
interval than are rats previously^ given a high-carbohy^drate diet. 

12. Fats as Antithyrotoxic Agents. 

When an excess of thyroid hormone is given to rats or other animals, 
the following readily reproducible toxic symptoms develop. Growth is 
suppressed below normal. An increased basal metabolism obtains, as 
well as an inhibition in ovarian development. The kidneys, adrenal 
glands and heart are increased to an abnormal size. 

Abelin and his co-workers (j, j a, i b) were the first to report the 
beneficial effects of dietary fat on hyperthyroid animals. High fat diets 
were shown to counteract the increased basal metabolic rate, as well as 
the reduction in liver glycogen which follows the administration of the 
thyroid hormone. Berg (24 a) has corroborated the protective action of 
fat in lowering the basal metabolic rate in dogs, while a number of other 
workers have confirmed Abelin's observations on rats (174 a, 24^ a, 
3^9 «)• 

There is some evidence that the protective effect of fat may be related 
to the presence of essential fatty acids in this foodstuff. Sodium oleate 
and linoleic acid are effective in preventing a rise in metabolism {201 a) 
while Guerra (147 a) correlated the unsaturation of the fat with such 
protective action. The results of Zain (j6j, 362) confirm this general 
claim. He found that linoleic acid but not stearic acid prevents losses 
of liver glycogen after massive doses of thyroid extracts. Oleic acid 
occupies an intermediate position. 

Ershoff (108 a) recently demonstrated that fats also exert a marked 
beneficial influence in partially checking the growth inhibition caused by 

Fortschritte d. Chem, org. Naturst. VI. 
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thyroid administration to rats. Olive oil, peanut oil, cottonseed oil, wheat 
germ oil, corn oil, soybean oil, hydrogenated cottonseed oil, and lard were 
all shown to cause a growth significantly greater than that of rats kept 
on the fat-free diet. The investigator mentioned failed to find any pro¬ 
tective action of fat on the inhibition of ovarian development or on the 
hypertrophy of the kidneys, adrenal glands and heart. 

In an analysis of the causes which might account for the protective 
action of fat in conditions of thyroid hyperactivity, Ershoff {io8 a) 
considered the fact that the fat may furnish the essential fatty acids and 
thus alleviates a deficiency arising from a increased fatty acid requirement. 
Since a practically fat-free liver preparation also has a beneficial effect 
in thyrotoxicosis, Ershoff does not believe that the above fatty acid 
deficiency theory is a plausible one. Another suggestion is that fat may 
stimulate the synthesis of an anti thyrotoxic factor by the intestinal flora. 
The favorable effect (551 a) on the intestinal thiamin synthesis in the rat 
would seem to support this theory. 

13. Optimum Fat Levels in the Diet. 

The beneficial effects of fat on nutrition are sufficiently varied in 
character to make one question the concept that fats are merely optional 
components of the diet. One is almost forced to the conclusion that this 
foodstuff should be regarded as an obligatory constituent. 

The next question which arises is what level of the fat intake is to 
be considered as the optimum? In the case of the rat, most of the nutri¬ 
tional indices point to the fact that somewhat better results are obtained 
when the diet includes 20 to 40% fat than when smaller fractions are 
present. However, in many instances, the results obtained with diets 
containing only 10% fat are quite satisfactory. 

Another question which may well be asked is whether all types of 
fats can fulfill this function equally well. At the present time there are 
not sufficient experimental data available to answer this question or to 
decide whether the optimum level varies with the specific composition of 
the fat ingested. The results of growth experiments on rats indicate that 
both cottonseed oil and margarine give the best results at levels of 20 
to 40%. It also seems probable that the beneficial effect of fats is not 
exclusively a function of their content of essential fatty acids. In recent 
experiments (74) it has been demonstrated that female rats previously 
depleted on a fat-free diet and then given 20 mgs. of linoleic acid per 
day, along with the fat-free diet, until their growth curve plateaued, 
showed no further increase in growth when the daily linoleic acid supple¬ 
ment was raised to 60 mgs. However, when the animals were trans¬ 
ferred to a diet containing 10% cottonseed oil, there appeared a marked 
growth-stimulating effect which lasted over a number of weeks. These 
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results might indicate that the fat possesses some beneficial action which 
is apparently not immediately traceable to the unsaturated fatty acids 
or to tocopherol. 

There is no definite evidence as to what extent the results obtained 
in rats may be translated into terms of human nutrition. It has been 
estimated on the basis of dietary studies that the average consumption 
of fats in the United States in approximately 125 grams daily, repre¬ 
senting 33% of the total calories [Brandt {42)]. The same author who 
made these estimates indicates that the daily fat intake of the British 
people was 106 grams before the first World War, while that of the 
Japanese prior to 1930 amounted to only 29 grams. Fat consumption in 
England had risen to 124 grams per day in 1934. On the other hand, 
Shkn (309) estimates that the soldiers of South China ate fat to the 
extent of only 3% of their total caloric intake, which is less than one-tenth 
of the 40% which has been calculated by Howe {188) as the consumption 
of the average American soldier in World War II. Although the normal 
height and weight relationships of the Chinese soldier were maintained 
on the low-fat ration over several years, this period is obviously too short 
for any critical evaluation of the effect of a possible defective diet on 
human subjects. 

Much ex])erimental work still needs to be done on man to determine 
the tolerance for fat, as well as factors which make it possible for human 
subjects to consume large quantities of this foodstuff without the usual 
gastric distress. Neither do we have any information on man as to the 
possible effect of other substances, fed concomitantly with the fat, on the 
utilization of the latter. 


III. Comparison of the Nutritional Value of Animal and 

Vegetable Fats. 

I. General Remarks. 

Since fats appear to have a prime nutritional function, it is of con¬ 
siderable import ance to ascertain whether the need for them can be met 
equally as well b y vegetable as by animal fats. From the chemical stand¬ 
point, vegetable and animal fats contain in general the same types of 
fatty acids. However, stearic acid is found in larger proportion in the 
animal fats; and the unsaturated acids, such aslinoleic and linolenic, more 
frequently make up considerable portions of the vegetable fats. There is 
some indication, also, that the manner of distribution of the fatty acids 
in the triglyceride molecules shows a variation between fats originating 
from the vegetable and animal kingdoms. Thus, Hilditch (z6o) has 
pointed out that in most vegetable fats, the acids are distributed according 
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to the rule of "even distribution” in contrast to a random arrangement. 
On the other hand, the saturated fatty acids occur in many of the animal 
fats according to a chance or random distribution (p. i8), although 
Hilditch calls attention to the fact that such an arrangement is not 
valid for the unsaturated acids. In view of the fact that the animal body 
is able to hydrolyze the triglyceride molecules and rearrange the fatty 
acids in any of the triglycerides which are resynthesized, no profound 
differences in the metabolism of vegetable and animal fats would be 
expected. 

Differences in nutritive value of the respective fats may be attri¬ 
buted to variations in their content of the fat-soluble vitamins. Whereas 
vitamin A as such is never found in vegetable fats, it is present in some 
animal fats including butter, although many animal fats such as lard are 
completely devoid of this component. On the other hand, the provita¬ 
min A, jS-carotene is present in some animal fats (j6j a, 365) and butter fat 
{141 c) while a second provitamin A, cryptoxanthin has been shown to 
occur in egg yolk {141b) and butter (141a). However, in general, the 
provitamins A arc found in animal fats less frequently, while carotene may 
make up a marked portion of some vegetable fats such as palm oil. Vita¬ 
min 1) is found exclusively in animal fats but it is only present in extremely 
small amounts in all sources except in fish liver oils. Insofar as the 
important fat-soluble vitamin, vitamin E (tocopherol) is concerned, its 
several forms are present in much greater amounts in vegetable than in 
animal fats. The same statement is valid concerning the distribution of 
the “essential” unsaturated acids. 

2. The Comparative Amounts of Vitamins and Essential Fatty Acids 
in Animal and Vegetable Fats. 

a) Vitamin A and Provitamin A, The commonest source of preformed 
vitamin A in foods is butter. Although the A-content in this fat varies 
considerably with season, breed of the animal, and diet, it has recently 
been found on the basis of a cooperative study [8) that the average 
vitamin A content of butter produced in the United States somewhat 
exceeds 15000 I. U. per pound. This figure, however, includes both 
vitamin A as such . and the varying amounts of carotene which are 
present in milk fat. The highest vitamin A concentrations are found in 
fish liver oils. 

Cod liver oil (Gadus morrhua) which has always been regarded as an excellent 
source of this constituent contains only a relatively small concentration, namely, 
about 600 I. U. per gram, whereas many of the common fish liver oils such as those 
from the mackerel (Scomber scombrus), barracuda (Sphyraena argentea), yellowtail 
(Seriola dorsalis), and the yellowfin tuna (Neothunnus macropterus) and others 
contain anywhere between 30000 and 80 000 units of vitamin A per gram ( 287 ). 
Certain other fishes carry especially high quantities of vitamin A in the liver oils. 
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These are the bonito (Sarda chiliensis), 120000 I. U,; cabrilla pinta (Epinephelus 
analogus), 170000 I. U.; swordfish (Xiphias gladius), 250000 1. U.; ishinagi (Stereo- 
lepis ishinagi), 300000 I. U.; Black Sea bass (Stereolepis gigas), 600000 1 . U.; 
and several varieties of shark, especially the soiipfin, Galeorhinus zyopterus whose 
vitamin A content may be even higher [640000 1 . U. (-279) to 800000 I. U. (J 25 )]. 

Vitamin A as such is found also in egg yolk as well as in the lungs and 
kidneys, although that contained in the corjX)ra lutea is probably largely 
present in the form of carotene. In the retina, vitamin A occurs in an 
especially high concentration presumably as vitamin A aldehyde, which 
can be reduced to the vitamin proj)er. 

Although vitamin A as such is not found in vegetables, provitamin A 
is present in an extremely large proportion in such sources as turnip greens, 
spinach, broccoli, as well as in such yellow, orange, or red colored foods 
as squash, carrots, apricots, persimmons, and also in tomatoes. Ordi¬ 
narily, provitamin A is accompanied in these sources by a minimum 
quantity of fat. 

) 5 -Carotenc is biologically the most effective of the provitamins A, 
while a-carotene, and cryptoxanthin are only about half as active (90, 96). 
Although two samples of y-carotene prepared from Mimulus and from 
Pyracantha angustifolia both had potencies of approximately 25% of 
that of /S-carotene (86, 8g), a recent sample of all-^rans-y-carotene, pre¬ 
pared by isomeriication of pro-y-carotenc, was found to have a biological 
value of almost half that of all-^f«ws-jS-carotene (144 a, 364). 

Pro-y-carotene, a naturally occuring polycfs compound not used for 
human food but consumed by birds and some other animals (porcupine) 
has about 40% the potency of / 9 -carotene in rats (8g). 

In commercial vegetable oils, red palm oil has the highest content of j 9 -carotene. 
Buckley (47) has reported carotene levels equivalent to 1900 I. U. of vitamin A 
per gram of red palm oil obtained from the ripe fruits, while Kaufmann (199) 
found carotene values varying between 0,20 and 0,05%, in which case the maximum 
level corresponds to a vitamin A potency of 3000 I. U. per gram. Since it was 
formerly believed that the average vitamin A-content in butter approximated 
9000 I. U. per pound (20 I. U. per gram), the standard for fortification of margarine 
in the United States as set by the Food and Drug Administration in 1941 was based 
on this figure {244). However, because of the recent survey in the United States 
in which 15000 I. U. of vitamin A per pound (33 I. U. per gram) was indicated 
as the average level in butter (8), practically all margarine sold in this country 
now contains that higher quantity. 

b) Vitamin D. Vitamin D is found only rarely in common animal 
fats and never in the vegetable fats. Small quantities, however, may be 
present in milk fats and in butter. On the other hand, exceedingly 
concentrated sources of this vitamin are present in some fish liver oils 
which are widely employed as practical sources of this material for 
therapeutic use. The vitamin D contents of fish liver oils vary from 
a value of zero in the sturgeon liver oil to approximately 40000 I. U. jper 
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gram in the liver oil of the’blucfin tuna (Thunnus thynnus). Swordfish 
liver oil (Xiphias gladius) and yellowfin tuna liver oil (Neothunnus 
macropterus) containing loooo I. U. per gram are good sources of vita¬ 
min D. Cod liver oil (Gadus morrhua), which has long been regarded as 
the standard medicine for rickets, contains only loo I. U. per gram and 
is twenty-third in a list of fish liver oils arranged in the decreasing order 
of the respective vitamin D potencies (27). 

However, since it had been demonstrated recently that vitamin D 
can be formed by irradiation of the provitamins D which are present in 
various foodstuffs, the occurrence of preformed vitamin D has become of 
less importance. Thus, 7-dehydrocholesterol in animal fats and ergosterol, 
and dihydroergosterol in yeast, as well as dihydrositosterol in numerous 
vegetable fats, are active as provitamins D. 

c) Vitamin E. A number of compounds display vitamin E activity. 
From the standpoint of the anti-sterility effect, <%-toco pherol (5,7,8-tri- 
methyltocol), /^-tocopherol (5,8-dimethyltocol),y-tocopherol (7,8-dimethyl- 
tocol) and possibly also ( 5 -tocopherol (8-methyltocol) are effective in that 
decreasing order, while their potency in terms of anti-oxidant activity 
runs in the reverse direction. The most effective source of tocopherol is 
wheat germ oil, although a number of other common vegetable oils 
contain relatively high quantities. However, cod liver oil, which contains 
the highest quantity observed in any animal fat so far [26 mg. per 
100 grams (266)] contains less than one-twentieth of the value reported 
for solvent-extracted wheat germ oil [550 mg. per 100 grams (Jj)]. 

The comparative amounts of tocopherol occurring in some vegetable 
and animal fats and fatty oils are given in Table 19. 

While it is uncertain whether or not vitamin E plays a r 61 e as an 
anti-sterility agent in human subjects, there is considerable evidence that 
it may have other important functions in man. Moreover, it is of great 
importance as an anti-oxidant, protecting fats. Thus, it must be present 
in the fat if vitamin A is to be effectively utilized. Vitamin E is not 
destroyed by the usual commercial processes of fat hydrogenation {243), 
In fact, several workers have demonstrated that hydrogenated cotton¬ 
seed oil is a more reliable vitamin E source than is the unhydrogenated 
material (67, J15, 348). 

d) Unsaturated Fatty Acid Content in Vegetable and Animal Fats, 
Vegetable fats are much more frequently sources of the essential fatty 
acids than are the animal fats. Moreover, the proportion of the essential 
fatty acids found in vegetable fats is usually much higher than has been 
noted in the animal fats. Linoleic and linolenic acids are the only forms 
of these essential acids which have been reported in the vegetable fats, 
while these two acids and also arachidonic acid have been detected in 
the animal fats. 
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Table 19. Vitamin E (Tocopherol) Content of Some Vegetable and 

Animal Fats (72). 


Oil or fat 

Vegetable Fats : 

Babassu, crude. 

Castor. 

Coconut, refined. 

,, , hydrogenated. 

Corn, crude. 

,, , refined... 

Cottonseed, crude. 

,, , refined .. 

Olive. 

Palm, crude. 

Peanut, crude. 

,, , refined. 

Pecan, refined. 

Kice bran, crude. 

,, . refined. 

Safflower, crude. 

Sesame, refined. 

Soybean, crude. 

,, , refined. 

,, , phosphatide. 

Wheat germ, crude. 

,, ,, oil, solvent extracted 

Animal Fats: 

Cod liver oil. 

Lard, prime steam. 

Mangona shark liver oil. 

Oleo oil. 

Soupfin shark liver oil. 


Referenre 

Tocopherol 
(mg. per 100 g. 

U3) 

3 

(rj) 

50 

(rs) 

I 3 

(266) 

! 3 

(266) 

i 119 

(J3) 

j 95 

(266) 

1 100 

(13) 

j QO 

(13, 266) 

20 

25 

(13) 

1 50 

(r3) 

; 52 

(13) 

j 4 « 

(13) 

1 45 

(13) 

1 100 

(13) 

j 90 

(13) 

1 80 

(13) 

5 «> 

(266) 

212, 152 

(IJ, 266) 1 

! 175. 125 

110 

(195) \ 

200 

(13, 266) 

1 

400 

380, 310 

(13) 1 

550 

(266) 

20 

(13. 5S. 197) 

2,8-0,5 
0*5 
0,2 

(284) 

10 

(13) 

2 

(284) 1 

.V 


The highest linoleic acid content has been found in safflower seed oil 
{ig4, 245), hackberry tree seed oil (J07), and walnut oil (1^9, J57) while 
several other seed fats have a content in excess of 70%. As far as the 
results of total essential fatty acid analyses (linoleic plus iinolenic) are 
concerned, linseed oil {286) and hempseed oil (j-^5, 200) are at the top 
of the list. High proportions of poly-unsaturated acids occur in animal 
fats only when they have made up a considerable proportion of the diet. 
The highest value which has been reported in animals is that for the egg 
yolk fat of the hen (66) which had previously been fed on a hempseed oil 





































iTable 20. Relative Maximum Amounts of Essential Fatty Acids in Various Vegetables and Animal Fats (yi). 
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rich diet. A comparable value was noted in pig depot fats for animals 
previously on a soybean oil diet {104). Values for the unsaturated fatty 
acids in vegetable and animal fats are summarized in Table 20. 

3. Comparative Digestibility and Absorption 
of Vegetable and Animal Fats. 

The digcstibilit}' of a fat is a very important index in establishing its 
nutritional value. No obvious differences in the digestibility of vegetable 
and animal fats as recorded in Tables 3 and 4 (p. 15, 16) for human sub¬ 
jects are apparent. Thus, in the case of the thirty-four vegetable fats 
examined, only two were found to be utilized to an extent of less than 
94%. Avocado fat had a coefficient of digestibility of 88%, while a single 
experiment on tea seed oil gave 91%. On the other hand, all of the 
eighteen animal fats investigated yielded values of 94% or higher. In 
the case of the fats melting above 50® C., the digestibility figures are 
considerably lower for both the vegetable and the animal fats. In the 
tests made on rats (Table 7, p. 20) the completeness of utilization of 
hydrogenated cottonseed oil is practically identical with that for hj^dro- 
genated lard melting at corresponding temperatures. In the latter tests 
account is taken of the amount of the fat which has been lost in the form 
of fecal soaps. 

Moreover, no appreciable differences in the rate of absorption appeared 
between vegetable and animal fats (Table 10, p. 28—29). One must conclude 
that from the standpoint of digestibility and absorption there is little to 
choose between vegetable and animal fats. 

4. Growth Tests with Vegetable and Animal Pats. 

Growth is the index of nutritional value which has been most widely 
employed and has been widely used for comparing vegetable and animal 
fats. 

a) Experiments with Normal Rats. It has been shown in the previous 
section that better growth occurs on diets containing fat than on a fat- 
free regime. There has been considerable discussion as to whether all 
readily-digestible fats can function equally well in supplying this need, 
provided, of course, that fat-soluble vitamins and unsaturated fatty acids 
arc available in the required quantities. 

Several reports stated that butter fat possesses a specific growth effect. 
Thus, ScHANTZ, Elvehjem, and Hart (299) observed that weanling rats 
grew best over a six-week period when they were fed on skimmed milk, 
homogenized with butter fat. When com oil, cottonseed oil, coconut oil, 
or soybean oil were used instead, the growth was markedly inferior, 
although the differences between the several fat diets largely disappeared 
after a six-week period. In later assays, it was noted that the saturated 
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acid fraction of butter produced a growth rate superior to that of an 
equal quantity of whole butter, while the volatile fraction was ineffective 
{2g8), The unsaturated residue was likewise ineffective unless it had been 
hydrogenated (jS). Schantz and his co-workers concluded that the 
superior growth observed on butter diet was to be traced to the presence 
of certain saturated long-chain acids which arc not contained in other 
fats. 

In contrast, two groups of investigators have recently failed to con¬ 
firm that the saturated fatty acid fraction of butter has any specific effect 
on growth (i^^, ig2). More recently, Geyer et al, (138) have reported 
a superior growth-promoting action of the liquid fraction of butter which 
remained, after separation from the solid glycerides, in acetone solution 
at -4° C. (Some doubt is cast on this result by the authors as they were 
able to obtain the fraction in only one instance and failed to duplicate 
the results with other samples of butter.) Jack et aL (19j), likewise, have 
found better growth on a liquid fraction of butter provided that care was 
taken to prevent oxidative destruction. It is obvious that these results 
are contradictory. Although there seems to be some evidence that the 
liquid fraction may act more strongly than the others, the results obtained 
by Deuel et al, (95) on whole butter failed to bear out this finding. 

Boer {31) is another investigator who has reported, on the basis of 
growth experiments, that butter fat possesses a nutritive value superior 
to that of olive oil. The present reviewer believes, however, that the 
choice of olive oil as a representative vegetable fat is an unfortunate one 
since this oil contains very little tocopherol, and readily becomes rancid. 
Deuel et al, (95) observed that growth on an olive oil sample which had 
become rancid was inferior to that obtained when other vegetable fats 
or butter were used. Boer, Jansen, and Kentie {34), reported that rapeseed 
oil is a poorer material than butter for producing growth in rats. Their 
results have been confirmed by Deuel et al, {y8) as well as by Euler, 
Euler, and Lindeman {hi). The less satisfactory performance of 
rapeseed oil is apparently related to its low digestibility in the rat {73). 

On the other hand, tliere are a number of reports which have failed to 
confirm the results of the Wisconsin group (299) or of the Dutch investig¬ 
ators {31-34). Thus, Deuel and his associates (95) found that when 
skimmed milk powder was employed instead of liquid skimmed milk, 
and the fats to be tested were added to the skimmed milk powder in the 
same proportion found in whole milk powder, no differences could be 
observed in the rate of growth of rats at any time over a twelve-week 
period, regardless of whether the fat supplied in the diet was a butter, 
a margarine, com oik cottonseed oil, olive oil, peanut oil, or soybean oil. 
The identity in growth was established not only by the increase-in-weight 
but also by the rate of bone growth. 
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Not only was a similar efficiency in the utilization of the food observed 
in the experiments with the different fats, but likewise, analyses of the 
tissues of rats raised on the different diets, indicated that the same 
distribution of protein, fat, carbohydrate, and ash obtained (82}. Con¬ 
sidering the similarity in body weight, tibia length, and tissue composition, 
one is forced to the conclusion that the extent of growth obtained with the 
different fats (Figures 4, 5) is identical. 



Figure 4. The total gain in weight of male and female rats on diets containing the different fats over a 
12 week period, f J. Nutrit. 27, 107 (1944)-] 

Deuel and Movitt (92) have suggested that the more extensive 
growth reported by Schantz et al, for butter diets (299) may have 
been caused by greater food consumption. Failure to observe such 
differences in the tests of Deuel et al, (95) is probably to be ascribed to 
the inclusion of diacetyl or butter flavor in all of the diets. It was shown 
that rats prefer a diet of bland fat flavored'*with diacetyl to one which 
is unflavored (92). Although Boutwell ct al, {40) did not succeed in 
bringing about a sufficient increase in food consumption by the inclusion 
of diacetyl to make the growth on the corn oil diet identical with that 
obtained on the butter diet, they did find some improvement in the food 
consumption. 

Euler, Euler, and R 5 nnestam-S 5 berg (jjj) have obtained better 
growth in rats receiving oleomargarine than in those fed butter. Recently, 
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Euler and co-workers {112) have found as satisfactory growth of rats 
on a margarine-fat mixture as on butter, over a 700-day period. Deuel 
et al. (77, y8) likewise have observed identical growth on butter and 
margarine diets. Other workers who have also demonstrated similarity 
in growth response between butter and vegetable fats are Zialciti and 
Mitchell (566), Henry et al. (158), and Lassen and Bacon (2og). 

The latter two investigators showed that the mean daily weight gain (in grams) 
for 70 days (30 days to 100 days) and the average body length (in millimeters) 
at 100 days were, respectively, the following; summer butter fat, 4,28 0,14 g. 

and 243,0 ± 1,36 mm.; oleomargarine, 4,27:^0,10 and 245,0:^:1,14; olive oil, 

3.99 zb 0,095 and 241,4 ± 1,31; 
cottonseed oil, 4,42 0,12 and 

246,7 i 1,78; and for controls kept 
on fat-free diet, 3,63 i 0,089 and 
235.9 zb ^. 74 - The fat content of 
the eviscerated carcasses averaged 
12,47% in the fat-free group and 
varied between 14,26 and 15,89% 
in the four groups which had 
received fat-containing diets. 

When comparing the nutri¬ 
tional value of butter and 
margarine on the basis of 
growth tests, one should also 
mention the effect of the type 
of carbohydrate used in the diet. Boutwell and collaborators (jy) have 
reported that in the presence of large amounts of lactose, butter gives 
a superior growth-promoting effect to corn oil. Although Deuel et al. (95) 
found no differences in growth between butter and vegetable fats when 
the lactose content corresponded to that of whole milk powder, i.e. 32%, 
the superior growth of butter-fed rats reported by Boutwell et al. 
occurred when lactose comprised 48% of the diet. However, this variation 
was noted only in those cases where the vitamin B intake was restricted. 
In contrast, no such differences were obtained between com oil and butter 
when a galactose-glucose mixture was fed or when glucose alone was the 
carbohydrate present. It must be emphasized that the tests with lactose 
were made with a highly artificial diet. One is not so much impressed 
with the difference in response to the two fats mentioned on a high- 

lactose diet, as one is with the poor showing of all animals on a high- 

lactose diet compared with those which received other carbohydrates. 
Ershoff and Deuel (iio) have recently reported that, when lactose was 
fed at a level of 75%, death of young rats resulted, while some 

other sugars were well tolerated under similar conditions. The toxic 

effect of lactose has recently been confirmed by other investigators 
(150, 186). 


CM. 



3 and 6 weeks on diets containing different fats. [J. Nutrit. 
27, 107 ( 1944)0 
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Vaccenic acid (ii-octadecenoic acid) has recently been proposed as 
an acid of high nutritional value to which the supposed superior growtli- 
promoting effects of butter can be ascribed. Boer, Jansen, and Kentie 
{24) have reported that summer butter contains significant amounts of 
this acid while it is absent from w'inter butter and vegetable fats. The 
presence of vaccenic acid in butter and animal fats was first established 
by Bertram (25), Grossfeld and Simmer and confirmed by 

Geyer et aL {140). The latter workers likewise have shown the absence 
of vaccenic acid in vegetable oils. On the other hand, the presence of 
considerable amounts of this acid has been reported in hydrogenated 
fat {25. 147). 

The suggestion that vaccenic acid possesses special growth-promoting 
powers was supported by Boer et al. in a later report (J5), by the demon¬ 
stration that vaccenic acid prepared from China wood oil had a growth- 
promoting effect on rats receiving a diet which contained rapeseed oil 
as the fat. These workers attribute the failure of the Euler group (Jij, 
114), in 1942 and 1943, to substantiate the earlier report of Boer (jj) 
and of Boer and Jansen {33) on the superior growth-promoting effect 
of butter fat (as compared with olive oil) to the fact that winter butter 
produced in Sweden probably does not contain vaccenic acid. 

However, a number of investigators have failed to confirm Boer’s 
results on the importance of vaccenic acid as a dietary adjunct. Deuel 
etal. {y8)f using similar technique to Boer et al, (34), found that rapeseed 
oil did give poorer growth than butter or cottonseed oil; however, the 
addition of vaccenic acid to the rapeseed oil or cottonseed oil diet in no 
way improved the growth response. Similar negative results with vaccenic 
acid have been recorded by Euler, Euler, and Linueman (jjjt) as well 
as by Nath and associates (250). In fact, Boer and co-workers (32) have 
recently retracted their earlier report. 

There is a possibility that Boer et al, {33) may have mistaken 12-octa- 
decenoic acid for vaccenic acid since both isomers have quite similar 
properties. However, tests by the present reviewers (77) of 12-octa- 
decenoic acid show that it has no specific nutritional value. 

The evidence seems to be preponderant that, on complete diets, 
vegetable fats and margarine possess as high a nutritional value as an 
animal fat such as butter. There is no evidence that butter contains such 
fatty acids specifically required for growth which are not found in vege¬ 
table fats. Vaccenic acid certainly has no special merit from a nutritional 
standpoint. 

h) Experiments on Prematurely-Weaned Rats, Boutwell and col¬ 
laborators (J9) have stated that the particular fatty acids present in 
butter which are required by 'the young rat are no longer necessary if the 
animal is kept on the stock diet until thirty days of age. However, these 
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investigators report that the need for butter is accentuated in prematurely- 
weaned rats. These results are denied by Zialcita and Mitchell {366) 
who were able to raise rats weaned at seven days of age, instead of fourteen 
days, as used by Boutwell et aL (59) or at the usual twenty-one day 
interval, on artificial mixtures containing either butter fat or corn oil, 
without observing any superiority of one fat over the other. In tests 
carried out in the writers* laboratory (95), it was iound that rats weaned 
at fourteen days grew as satisfactorily on diets of corn, cottonseed, peanut, 
or soybean oils, or on a margarine fat, as on a diet containing a butter 
fat. The weight of evidence would, therefore, seem to discount this type 
of experiment for the demonstration of a superior growth-promoting action 
of butter. 

c) Comparative Effectiveness of Animals Receiving Fats in a Restricted 
Diet. Another means of evaluation of the growth-promoting activity of 
a fat is to test it when the animal is receiving a restricted caloric intake. 
If a specific fat is needed for growth, then the requirement for it may not 
be satisfied during a period of limited caloric intake. However, when 
such tests were made, no differences could be found in the rate of growth 
of rats receiving vegetable oils, a margarine, a commercial hydrogenated 
fat, or a butter, when given in connection with a complete basal diet 
fed at such a level that growth occurred at a slower than normal rate (6»5). 
That no permanent damage resulted from the lack of animal fat in this 
diet was indicated by the fact that the increased growth response during 
the period of ad libitum feeding, following the twelve-week period of 
restricted caloric intake, was similar in the butter-receiving group and in 
the various vegetable fat groups. 

d) Experiments on Rats Using Growth Hormones. A further possible 
method for the estimation of nutritional value is to determine whether 
diets will be satisfactory when growth requirement is increased above 
normal. It is conceivable that a substance might be able to promote 
normal growth but that it would fail in its purpose when an increased 
growth rate was required. Ershoff and Deuel (109) have shown that 
such a deficiency as that caused by the lack of vitamin A can be accent¬ 
uated when growth hormone is injected. Under such conditions, an 
earlier death of the injected rats ensued. However, when a pituitary- 
growth hormone was injected parenterally in normal rats, it was found 
that diets containing such vegetable fats as com, cottonseed, peanut, or 
soybean oil, or a vegetable margarine, supported the growth as effectively 
as did a butter fat sample (55). 

It thus appears that the vegetable fats are able to be as readily 
utilized as animal fats and serve equally well for their nutritional functions 
in cases of a restricted diet or when an augmented metabolism obtains 
because of the presence of a growth hormone. 
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e) Growth and Nutrition Experiments on Children. While most of the 
evidence on the nutritive value of fats has been deduced from tests on 
rats, there is one report in which this experimental method has been used 
with children. Leichenger, Eisenberg, and Carlson [213) recently have 
reported a two-year test which was carried out on the children of two 
orphanages. In one case margarine served exclusively as a source of 
table spread, while the second group received a comparable diet in which 
butter was employed. At the conclusion of the tests, it was shown that 
all children which had received margarine had grown as well as the 
children who had received the butter diet. The results of these tests 
would indicate that some data obtained on rats may also have application 
for man. 

5 . Pregnancy and Lactation Performance of Rats Receiving 
Animal and Vegetable Fats. 

The studies on pregnancy and lactation performance for animals 
receiving vegetable and animal fat diets likewise can be interpreted as 
indicating the equivalence of these two types of fat. As has been indicated 
earlier, nutritionists in general agree that pregnancy affords a more 
critical index of the nutritional value of a diet than does growth, while 
satisfactory lactation can be produced only if the diet is still better from 
a nutritional standpoint. 

Anderson and Williams (6 ) as well as Meigs {238) have emphasized 
the well-known fact that fat-low or fat-free diets are especially poor for 
lactation. However, as pointed out by Sure (ji?7), satisfactory lactation 
cannot be promoted on otherwise inadequate diets by butter fat, lard, 
hydrogenated oil, olive oil, or wheat germ oil. On adequate diets, it was 
shown by Maynard and Rasmussen (236) that an improvement obtains 
in rats when corn or coconut oil is added to a fat-free diet, although 
Loosli and collaborators {218) later reported that hydrogenated coconut 
oil was ineffective in promoting lactation. 

Quackenbush, Kummerow, and Steenbock (267) have shown that 
linoleic acid is necessary for satisfactory milk production, a fact which 
would seem to indicate that vegetable fats should be preferable to animal 
fats since they generally contain a larger proportion of the essential 
unsaturated acids. However, other workers .{2J^) have been unable to 
demonstrate an improvement in lactation of rats (kept on a fat-free diet) 
when 125 mg. of methyl hnoleate were administered daily. 

More recently, Deuel and collaborators (94) have shown that in a 
series of vegetable fats including a margarine fat and a butter sample, 
all act similarly in allowing a normal pregnancy and lactation period. 
Although the results on olive oil were somewhat less satisfactory than 
those obtained with the other fats tested, it is believed that this is partly 
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to be ascribed to the poor quality of the olive oil. Some data for the 
pregnancy and lactation tests are summarized in Table 21. 

Table 21. Comparative Nutritional Value of Vegetable Fats, a Veget¬ 
able Oil Margarine and a Butter as Determined by Ability to 
Promote Successful Pregnancy and Lactation (9^). 

(The figures in parentheses indicate the number of rats weaned.) 


Skimmed milk powder diet 
mixed with one of the 
following fats 

r 

Animals 
bred, number 

•regnancy tests 

! , . ■ Average 3- 

Luters cast,) ^ 

1 per rat (g.) 

Lacti 

Rats died 
during \ 21 
days, number 

ition tests 

Average 21-day 
weight per rat 
(g.) 

Butter fat. 

29 

29 

1 9,07 

23 

33.4 (84) 

Corn oil. 

31 

28' 

; 9,06 

I 

32.9 (112) 

Cottonseed oil . 

31 ! 

! 30 

j 9.15 

2 

34.2 (98) 

Margarine fat. 

35 

33 

I 7>57 

8 

34.8 (112) 

Olive oil . 

23 1 

18 

i 7,S8 

I 

35.2 (70) 

Peanut oil. 

32 1 

31 

8,03 

4 

33.6 (84) 

Soybean oil. 

28 

26 

7.O0 

1 ! 

^2.a toS) 


Euler, Euler, and Ronnestam-Soberg (112) have presented data 
which indicates that margarine exerts a considerable superiority to butter 
as demonstrated by its performance in reproduction tests. 

In their first series of experiments, the total weight of all offspring at twenty- 
eight days produced over an eighteen-month period was 8508 grams compared with 
a total of 15956 grams for the progeny of a similar number of females which had 
received a diet containing a margarine fat in place of butter fat. Although vitamin E 
supplementation improved the response on the butter diet in a second series, it 
did not equal that of the unsupplemefited margarine group. 

6. Growth and Reproduction of Rats over Many Generations on a 
Diet Containing a Vegetable Margarine. 

The so-called ''multi-generation'' test is a procedure which combines 
most of the other methods for evaluating the nutritional value of a food¬ 
stuff. If a particular diet is the only food consumed over a number of 
generations, then such a regime must be satisfactory from the standpoint 
of growth, pregnancy, and lactation, A prolonged test of this kind is 
more conclusive than the comparison of growth, reproduction, and 
lactation in a single generation. It is conceivable that a diet might 
support growth exceedingly well over one generation. It might also 
allow for a perfectly normal pregnancy and lactation, but on subsequent 
trials deficiencies might accumulate and nutritional failure result after 
several generations. 

Sherman and Campbell (jjo, 311) devised a simple diet which has 
enabled rats to continue growth, reproduction, and lactation satisfactorily 
over a period of sixty-seven generations (j/j). This basal diet "A" 
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consists of whole milk powder (^4), ground whole wheat (®/«) and sodium 
chloride equal to 2% of the weight of the wheat. That this diet, however, 
is a suboptimal one, was shown by the fact that when fortieth-generation 
rats on diet A were transferred to a diet B (in which the proportion of 
whole milk powder was increased from to ^/g), a marked improvement 
in a number of biometric measurements which are generally regarded as 
indices of nutritive value obtained. The rats grew larger on diet B, 
growth took place at a faster rate, and the duration over which reproduc¬ 
tion was possible in the females was practically doubled. The number 



NUMBER OF GENERATION 

Figure G. The average body weights of weanling rats at 20 days (lower blank space), after 30 days (solid 
black), after Go days (lined), after go days (cross-hatched), after 120 days (top blank space). 

of rats weaned was increased. In a later study Sherman and Campbell 
(312) showed that the life span of animals fed on diet B was prolonged by 
a statistically significant period over that with the less satisfactory diet . 

Deuel et aL (76, 81) have employed the Sherman diet B (which is 
the better one of the two diets tested by Sherman and Campbell) for 
demonstrating whether or not butter fat is essential for continued 
fertility and reproduction. In these tests, rats were maintained on diet B 
with the exception that skimmed milk powder was employed in place of 
whole milk powder; and an amount of a vegetable margarine fat corre¬ 
sponding to the butter fat content of whole milk powder was added to 
the diet. At the end of ten generations, the rate of growth of the male 
and female rats was considerably higher than at the start of the test [81), 
Moreover, fertility was maintained and the average weight of the rat at 
three days of age and at weaning was considerably higher than had 
obtained in the early generations. In a later report (76) the data were 
reviewed again, after the completion of twenty-five generations. Although 

Fortschritte d. Chem. org. Natiirst. VI. 
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the growth rates were slightly less than that reached by the tenth genera¬ 
tion, they maintained a level considerably higher than had been noted 
at the start of the test. Moreover, fertility and lactation performance 
continued at a high level. There is no indication yet that the experiment 
cannot continue indefinitely with the present diet. The comparative 
rates of growth of the male and female rats in representative generations are 
represented in Figure 6 , while Figure 7 gives the data on fertility and growth 
of newborn rats at various representative times during the experiment. 

PERCENT BODY 



Figure 7. (Left) Average per cent successful pregnancies. (Right) Average body weight for progeny. Weight 
at one day of age (cross-hatched), weight at 3 days of age (lined). Total column represents 21 day weight. 

The tests of the authors were started in Aj)ril 1940 and have now 
continued for over ten years. If it is possible to translate these values 
into comparable experiments on human subjects, with an average of 
thirty years for each generation, then this would account for a period of 
750 years. 

IV. Conclusions. 

A considerable amount of experimental evidence has accumulated to 
indicate that fats possess a definite r 61 e in animal nutrition. Not only 
arc they the foodstuffs having the highest caloric density, but likewise 
they arc the sources of certain essential unsaturated fatty acids which 
cannot be synthesized in the animal organism. Recently, it has become 
evident that fats possess considerable importance in the metabolism of 
some of the water-soluble as well as the fat-soluble vitamins. Although 
it was formerly believed that carbohydrates alone display a protein-sparing 
action, it now becomes evident that fat and fat alone under certain 
conditions can exhibit this same property. Thus, in cases where animals 
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have been reduced to the “wear and tear quota” on protein-free diets, 
only fat is able to maintain this low level when the total caloric intake 
is reduced. 

Fat likewise has an interesting role in relation to the specific dynamic 
action of foodstuffs. When it is fed in combination with protein or carbo¬ 
hydrate, the resultant specific dynamic action is less than would be 
expected if these foodstuffs were fed separately. No such effect is ex¬ 
hibited when protein and carbohydrate are combined. Other indices 
ordinarily employed to establish nutritive values, which indicate that 
fat is essential in the diet, are those of growth, pregnancy, and lactation. 
Moreover, animals on diets containing generous amounts of fat are able 
to carry out more work and to survive during periods of subsequent 
fasting for longer intervals than animals which have received fat-low 
diets. Best results seem to be obtained on diets containing 20 to 40% fat. 

While these data are quite clear-cut for the rat, there is as yet no 
cogent evidence that analogous conditions necessarily exist in man. 

There are a number of facts which indicate that vegetable and animal 
fats have similar nutritive value. Thus, while animal fats more frequently 
possess vitamin A, provitamin A (carotene) and tocopherol are more 
frequently found in large proportions in vegetable fats. The essential fatty 
acids occur in a much higher proportion in vegetable than in animal fats. 
In growth tests on normal rats, on animals which have been prematurely 
weaned, on rats receiving restricted diets, or rats receiving injected growth 
hormone, the results are uniform in indicating that corn oil, cottonseed 
oil, peanut oil, soybean oil, a vegetable margarine, and a butter possess 
similar nutritive properties. An experiment performed on young children 
over a two-year period showed that the growth of the children receiving 
a vegetable margarine is similar to, if not better than that of a group receiving 
butter. The results from such critical indices of nutrition as pregnancy 
and lactation performance of rats are as satisfactory for vegetable as for 
animal fats. Finall}^ it has been demonstrated that rats have been kept 
in excellent condition over twenty-five generations on a diet containing 
a vegetable margarine as the sole fat. Campbell and Sherman arrived 
at the same conclusion using a similar diet containing butter fat. Not 
only has growth been maintained at a high level, but reproduction and 
lactation remained excellent. This would seena to indicates that margarine 
fat can be used in place of butter fat over long periods of time and that 
it is able to maintain a high nutritional state. 
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Introduction. 

En cssayant de resumer nos connaissances actuelles de la chimie 
des substances odorantes ^labor&s par les animaux, nous rcncontrons^ 
d’une part, de vastes domaines inconnus ou tout reste a d^fricher (nous 
ne savons rien, par exemple, des substances odorantes si variees dcs 
Invertdbr^s) et, d’autre part, cet Edifice imposant qu’est aujourd'hui 
la chimie des substances macrocycliques, chimie des corps a odeur musquee 
qui s*est d^velopp^e si rapidement au cours des dernieres 25 annees, 
grace aux travaux de L. Ruzicka et de son ecole. La chimie des drogues 
animales utilis^es en parfumerie est actuellement assez bien connue; 
les r^sultats scientifiques acquis dans ce domaine nous font esp^rer 
que, bientot, des progres semblables seront realises dans les domaines 
voisins, encore incultes. 

Role de Todeur dans le regne animal. 

La perception de substances odorantes semble universellement 
r^pandue dans le regne animal. Moncrieff (88) ainsi que Le Magnen (82) 
ont r^sum6 nos connaissances a ce sujet. 

Invertibris, Chez les Invert^br6s, ce sont surtout les Insectes qui 
sont dou6s d*un odorat extremement d^veloppe. Citons Le Magnen : 

♦ Fabre, le premier, avait experimente avec soin les faits troublants de I’attirance 
sexuelle chez les papillons. II constate que la femelle d'unc esp^jce rare dans la 
region, attire en quelques heures un grand nombre de males, ce qui laisse supposer 
que son odeur a permis de la d^celer <i grande distance. II d^montre Torigine 
olfactive de la stimulation. Les males, amput^s de leurs antennes, sifeges des. 
recepteurs olfactifs, ne reviennent pas. 11 montre aussi I’existence au moins d’une 
«source)> mat^rielle d’oii t^mane I’odeur. La femelle place^e sous une cloche de verre 
n’attire pas les mAles. Enfin, si Ton place durant un certain temps des femelles 
dans une enceinte ferm^e en presence de matifercs poreuses, telles que la terre 
d’infusoire ou d’argile, ces corps adsorbants, impr^gn^s de I'odeur des femelles, 
se montrent capables comme elles d’attirer les males. Standfuss, plus tard, precise 
I’ordre de grandeur des distances parcourues. II retient captif dans un jardin une 
femelle de Saturnia pavonia; en six heures, cent vingt sept males sont attirds et 
captures. Ces papillons sont amends k une distance de quatre kilomHres, 40% 
d’entre eux retrouvent la femelle. Amends k une distance de 12 km., 26% per9oivent 
encore I'appel sexuel et reviennent k la femelle . . .)> {82, p. 14.) 

La production, par les L6pidopteres, de corps odorants a r 61 e sexuel 
est un fait bien connu. Les glandes qui produisent ces corps volatile 
sont extremement varies par leur structure et leur emplacement, surtout 
chez les mSlles. On en a trouv^ sur presque toutes les parties de Tlnsecte,. 
y compris les pattes et les ailes. Chez les femelles, les variations sont 
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moins grandes et les organes, generalement r^tractiles, se rencontrent 
surtout a Tabdomen [voir Bourgogne (10)]. 

D'apr^s Goetz (jj), on pent se scrvir de pieges garnis de debris 
de Papillons femelles pour la lutte contre certaines especes miisibles 
(Clysia ambiguella, Polychrosis hotrana, etc.). 

Haller, Agree et Potts (;?6 ) out decrit les efforts faits en Am^rique 
pour lutter par de tels pieges contre le Lepidoptere Porthetria dispar L. 
qui cause de grands degats dans ks vergers. La fcmelle, non ail4e, 
secrete au bout de Tabdomen une substance odorante qui attire les m^les 
a de longues distances. La substance odorante pent etre cxtraite au 
benzene; les essais de purification de Haller, Agree et Pons (j6) 
montrent qu'elle est insaponifiable et de nature alcooliquc. Cette substance 
ne pent etre remplacee, pour attircr des mklcs de Porthetria dispar, ni 
par des extraits de femelles d'autres especes voisines, ni par les substances 
suivantes: cantharidine; acides butyri(|ue, caproique, iso-caproique, 
salicylique; aldehyde salicylique; iso-ainylamine; exaltone et civettone. 

Dans une note prdiminaire (13 a), Butenandt a decrit quelques 
propri6t6s d'xme substance s^cr^t6e par la femelle de Bomhyx mori ct 
qui attire les males par son odeur. Les abdomens de 1500 femelles ont 
donne 160 mg de substance soluble dans Tether de p^trole. De Ik on a 
isol6, en faible quantity, la substance active (non-c6tonique, neutre et 
exempte d'azote) dont 0,01 y exercent une action nette sur les m^les 
du Ver k soie. 

Flaschentraeger et Amin {28 a) ont etudid r6cemment la substance 
odorante s 4 cr 6 t 6 e par Tabdomen des femelles de Prodenia litura F'ab. et 
Agrotis ypsilon Ron., L^pidopteres qui ravagent les plantations de coton. 
La substance qui attire les m^les est soluble dans Tether, stable envers 
Taction d'acides et de bases dilu^s et contient xm groupe CO. 

Fabre (23) a aussi ^tudie le comportement d'un petit col6optere 
Bolhocera gallicus qui se nourrit d'une certaine espece de Truffe (Hydno- 
cystis arenaria). L’insecte, attir^ parTodeur, trouve sa nourriture, enfouie 
jusqu^a 25 cm. sous la terre et creuse ensuite un canal vertical pour y 
arriver; il n'est pas attir^ par d’autres especes de Truffes. 

Les Insectes vivant en colonies (Fourmis, Termites, Abeilles) 
reconnaissent k Todeur les membres de la m^me colonie; des Fourmis 
ou Abeilles ^trang^res p^n^trant dans un nid -sent imm^diatement mises 
a mort. L'odorat, localise dans les antennes, sert aussi aux Fourmis 
a trouver leur chemin de retour; si Ton enleve a une Fourmi ses antennes, 
elle est incapable de retrouver son nid et mord indiff^remment ses 
compagnons de nid et des etrang^res [voir par exemple Le Magnen {82)], 

Les exemples cit6s montrent le grand r 61 e que joue chez ces animaux 
la perception des odeurs, pour la recherche de la nourriture et pour 
leur vie sexuelle et sociale. 
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On trouvera des details biologiques sur les substances odorantes 
des Insectes dans les livres de Ford (29) et de Wigglesworth (271); 
voir aussi les articles de Hardy (41) et de Kettlewell (60). 

Verfdbres. Chez les Vert^br^s a mesure que Ton s’eleve depuis les 
Prochord^s jusqu'aux Mammiferes, les r^cepteurs olfactifs sont de plus 
en plus ^troitement localises dans les cavit^s respiratoires. L'odorat 
ne semble jouer qu'un role secondaire pour les Poissons ct les Oiseaux. 
Chez certains Batraciens, nous trouvons, au contraire des glandes a 
parfum assez d^veloppees, ce qui fait penser que leur odorat Test aussi; 
c’est le cas des Crocodiles, Alligators, Lizards et Geckos (voir le chapitre 
«yacarol», p. 119). C’est surtout chez les Mammiferes que l’odorat jouede 
nouveau xin r 61 e considerable. Reconnaissance alimentaire, recherche 
et poursuite de la nourriture, reconnaissance des sites et orientation par 
les traces olfactives, la reconnaissance des individus, et I’attirance des 
sexes font intervenir essentiellement des stimuli olfactifs. 

Rien n’est encore connu au sujet de la chimie de Volfaction ; la region 
olf active de la muqueuse nasale des Vertebres est pigment6e en jaune 
et I’intensit^ du pigment semble etre proportionnelle a I’acuite olfactivc 
des animaux [voir par exemple Le Magnen (82)]. 

Milas, Postman ct Heggie (87a) ont trouve que la muqueuse nasalL' 
du Boeuf contient do la vitamine A et des caroteno'ides. Cette observation 
importante semble etre pass6c inaper9ue et attend d’etre gen^ralis^e. 


Drogues animales utilisees en parfumerie. 

Certains Mammiferes possedent des glandes sp^ciales produisant 
des substances odorantes et jouant un role important dans la vie sexuelle. 
L’homme n’^chappe pas a I'attrait de ces odeurs; d6ja dans I’antiquit^ 
et jusqu ’4 nos jours il s’est servi de differentes glandes et excretions 
animales comme source de parfum. La valeur de ces drogues est due 
k la note animale et a la t6nacit6 de leur odeur. 

Les principales drogues animales utilis6es en parfumerie sont: le 
muse, la civette, le castorium et Vambre gris, 

L’analyse de ces drogues a 6t6 pouss^e tres loin et nous donnerons 
dans la suite tous les details sur leur chimie; nous insisterons non seule- 
ment sur les substances odorantes, mais aussi sur les corps inodores, 
car ces derniers ont aussi leur int6r6t biochimique et le Parfumeur doit 
savoir quelles sont les substances pr&entes dans les extraits qu’il utilise. 
Souvent m^me, les substances odorantes prennent naissance par trans¬ 
formation de corps inodores (voir le cas de I’ambr^ine, p. 123). 

Quelquefois, la nature s’est ing^ni^e a doter des animaux de 
s^cr^tions particulierement malodorantes servant de moyens de defense; 
e'est le cas des Mustelid^s, dont nous parlerons plus loin. 
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Parmi les mises au point recentes mentionnant la chimie des odeurs 
et parfums d’origine animale citons celles de Sabetay (jji, 132) notre 
article de 1946 (69), la revue de Fester {23 a), les livres dc Moncrieff 
(88y 8g) et de Naves et Mazuyer (92). On trouvera des indications 
utiles sur les odeurs et I’hygiene dans le livre de McCord et 
Witheridge (84). 

Nous avons classe la matierc du present article d apres les chapitres 
suivants: 

I. Produits d'excretion de glandes sebacee^ (muse et civette, muse 
am^ricain, must^lides, yacarol, castor^um, suintine); 

II. concretions intestinales (ambre gris, b^zoaircs); 

III. substances odorantes dc Vurinc (phenols, acides, d^riv^s d’ionone, 
steroides odorants, divers); 

IV. feces (hyraceum). 

I. Produits d’excretion des glandes s6bac6es. 

Gcneralement diss^minees sur toute la surface du corps et de taille 
microscopique, les glandes sebac^es prennent, chez certaines especes 
animales, le plus souvent a proximite des glandes sexuelles, un d^veloppe- 
ment considerable et forment de veritAbles glandes d parjum. On signale 
gcneralement que leur sCcretion augmente parallelcment avec I'activite 
sexuelle. 

I® Muse et civette. 

a) Lc Muse. 

Le chevrotain ou bouquetin porte-musc (Moschus moschijeruSy 
famille des Moschides) (Fig. i) est un ruminant dc la taille d'une chevre 
que Ton trouve en Asie centrale. Chez le male la glande a parfum atteint la 
taille d’une orange, visible a I’abdomen. Sa sCcretion est brun-foncC et 
de consistance semiliquide. La poche dans laquelle se forme la seerCtion 
a une ouverture par oil le muse s'Cpanche au dehors. Le muse ne 
commence a se former que chez les adultes; lorsqu’il est trop 
abondant, surtout a TCpoque du rut, Tanimal se frotte contre les 
arbres pour s'en dCbarrasser, et dCpo.se ainsi des traces qui trahissent 
sa presence par leur odeur pCnetrante '{40). L'animal est captC 
dans des pieges et la glande enlevCe avec la peau qui Tentoure; on la 
sCche au soleil et e'est dans cet Ctat qu*on la trouve dans le commerce 
sous le nom de «musc en poches». Le contenu enlevC du sac est appelC 
4musc en grains 

Constituants des glandes d muse. En 1906, Walbaum (165) a isolC 
la substance odorante du muse naturel, sous forme d’une eCtone C,«H,oO 
qu'il a appelCe muscone. La muscone fait de 0,5 a 2% du muse naturel. 
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Sano (136) a trouve, en 1938, que la glande a muse contient des 
hormones sexuelles m§.les. Plus r^cemment, Schinz, Ruzicka, Geyer 
et Prelog (jj7 ) ont isole des glandes a muse une base CjeHgsN qu'ils 
ont appel6 «muscopyridine)> (huile, eb. 155—160°; — + 17 

L'oxydation de cette base par le permanganate donne I'aeide pyridine- 
<x,iX-dicarboxylique, ce qui prouve que la museopyridine cst une pyridine 
<x,^x-disubstituee; les deux substituants sont satures, I’un d’eux doit 
^tre monocyclique. 



Fig. X. Chevrotain porte-musc {Moschus moschiferus, Muse deer, Moschusticr.) 


b) La Civette, 

Le mot civette d^signe a la fois Tanimal (Viverra civetta) (I'ig. 2) et la 
secretion de ses glandes a parfum. L’animal, Mammifere earnivore de 
la famillc des Viverridds est repandu en Afrique et cn Asie. II attaint une 
longueur d'environ i m. et une hauteur de 25 a 30 cm. La majeure partie 
de la drogue importee en Europe provient de civettes dlev^es en Abyssinie; 
la s^cr^tion se forme dans ime poche profonde, a proximity des organes 
sexuels, et se pr^sente sous forme d’une graisse de couleur jaune. 
Elle est pr^lev^e par des curettages hebdomadaires ou mensuels, suivant 
la saison et T^ge de I'animal. 

La civette vient sur le march^ dans des comes de buffles contenant 
jusqu*a I kg. de substance. Elle est presque entierement soluble dans 
rather de p^trole. 

HAfeDY (J9) donne les indications suivantes sur d'autres animaux, 
proclies parents de la civette, et ayant des glandes 4 parfum analogues: 
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‘ There is no doubt that the production of civetone is by no means confined 
to the African or Abyssinian civet; in point of fact these two anal glandular pouches 
occur frequently in other members of the viv'errine family. For instance the odorous 
secretion from the glands of the rasse (Viverra malacccnsis) smallest of the civets, 
is known to the Javanese as ‘dedes’ and to the Malay.s as ‘jibet', and is quite a 
favourite perfume amongst the Javanese. They apply it to their dresses or, mixed 
with ointments to their bodies until their appartinents and their festivities reek 
with it . . . The secretion of the Indian civet (Viverra zibctha) is similar in odour 
and equally extolled by the natives although proving so repulsive to Europeans . . . 
The Javan civet or so called ‘wild cat’ (Vivena iiingaluni*a) produces a secretion 
similar to that of the Indian civet and the rasse . . . There is an allied European 
and African genera of small mammals very similar to civets and called genets. 



Fig, 3. Civette {Viverra zibetha, Civet, Zibetkatze). (Photo New York Zoological Society.) 

In the case of the cat-like common genet (Genetta vulgaris) which inhabits Spain 
«ind Southern France . . . the odoriferous anal pouches are reduced to a mere 
depression in the skin, with very little secretion, but nevertheless sufficient to 
produce a very perceptible odour ... In the common palm-civet or tree-cat 
(Paradoxurus typus) once known as the ‘pougonne’ . . . the scent gland is represented 
by a superficial glandular space, placed a little below the anal opening . . . There 
is a solitary glandular pouch in the anal region of the cusimanse or mangue 
(Crossarchus obscurus) a smooth-nosed mongoose of West Africa,” 

Constituants de la civette, En 1915, Sack (jjj) a trouve que le principe 
odorant de la civette est une c^tone C17H30O qu’il appela civettone. 
La teneur de la civette en civettone est de 2,5 a 3% [Ruzicka (ho)]. 

Le carbinol correspondant, le civettol est ^galement present dans 
la glande [Ruzicka, Schinz et Seidel {12^)]; cet alcool est inodore; 
on le transforme en civettone par oxydation [Naef & Co. {go)]. 

La note animate de Todeur de la drogue naturelle est, en partie aussi, 
due k d*autres substances odorantes telles que le scatol et des acides 
gras (no, Jjj). 

c) La chimie des grands cycles. 

Nos premieres notions precises sur la nature des principes odorants 
du muse et de la civette sont dues aux travaux classiques de Ruzicka 
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et de son 6cole; ils ont donne un essor considerable a la chimic synth^tique 
ct de nombreuses revues bibliographiques en font 6tat [par exemple 
Moncrieff {88,8g), Ruzicka (113), Sabetay (jjj, Stoll (1^7, 149)], 

Ruzicka (jjo, hi) a ^tabli en 1926, que la muscone et la civettone 
sont des substances macrocycliques, c'est-a-dire que leurs molecules 
sont composees de cycles contenant un grand nombre d'atomes de carbone. 
La constitution de la civettone a 6t6 ^tablie la premiere {no). 

L'hydrog^nation catalytique en dihydrocivettone C17H32O ( 1 ) montrait 
la presence d'une double liaison et d'un cycle. Les ri^sultats d'une trans¬ 
position de Beckmann ainsi que de Toxydation permanganique de la di¬ 
hydrocivettone montraient que le groupement cetonique se trouvait dans 
ce cycle; la premiere reaction donne une iso-oxime (II) qui est trans- 
form^e en acide amin6 (III), par saponification. L'oxydation chromique 
fournit un acide dicarboxylique (IV), ayant comme Tacide amine (III) 


le meme nombre de carbones que 

la civettone. 


r —CO 

( —CO 

( —COOH 

( —COOH 

C15H30 1 

C16H32 1 

Li«H 32 V 

C15H30 


1 —NH 

1 — NHj 

1 —COOH 

(I.) Dihydrocivettone. 

(II.) 

(III.) 

(IV.) 


L'oxydation de la civettone par le permanganate, a froid, attaque 
la molecule au niveau de la double liaison et donne un acide c6to-dioique 
^16^2805 (V), ce qui prouve que la double liaison se trouvc ^galemcnt 
dans le cycle. Au cours de cette oxydation, il y a perte d'un atomi 
de carbone, ph^nomene observe souvent au cours de Toxydation per¬ 
manganique de substances aliphatiques ayant un nombre impair d’atomes 
de carbone. L'oxydation permanganique 6nergique de Tacide (V) a 
donn^ un melange d’acides dicarboxyliques, principalement de Tacide 
sub^rique (VI), puis aussi les acides succinique, pim^lique et az^laique (VII). 
La production de ces acides ne pouvait s'expliquer que par la formule (V) 
de Tacide cetodicarboxylique. 


HOOC-(CH2)e^ r 

CO—I 

HOOC—(CHj), 

(V.) 


HOOC—(CHa)*—COOH 

{VI.) Adde sub6rique. 

HOOC—(CHa),—COOH 

(VII.) Acide azdalque. 


CHj—(CHa) 

I 

I 

i 



CHa-(CHa)7 
(VIII.) Dihydrocivettone. 


L'exactitude de cette interpretation a ete verifiee par Tidentification 
de Tacide dicarboxylique (IV) avec Tacide pentadecamethyiene-1,15 
dioique prepare S5mthetiquement par Chuit (15), ainsi que par la S5mthese 
de la dihydrocivettone (VIII) par Ruzicka, Stoll et Schinz (J29). 

La formation de Tacide (V) prouve la position de la double liaison 
et la civettone doit avoir la formule (IX). 

La muscone, (X) etait, de toute Evidence, une methylcyclo- 

pentadecanone; sa reduction d'aprfes Clemmensen donna I'hydro- 
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carbure C10H32 qui a pu etre identifie avec le m^thylcyclo-penta* 
decane synth^tique. 

L'oxydation chromique de la muscone donne im melange d'acides, 
dont deux acides C10H3OO4 sent les principaux et dans lequel 
Ruzicka (ill) a pu identifier tons les homologues sup^rieurs de I’acide 
succinique jusqu'a Tacide decane-i,io-dioique. 

Ceci permettait d'exclure les positions 5, 6 et 7 coinme point d'attache 
du groupement nu^thyle. La position i a pu etre exclue, parce que les 
i-m6thyl-cetones nc donnent pas d’acides dicarboxyliques a nombre 6gal 
d'atomes de carbonc, mais un acide possedant un atome de carbone 
de moins. 


CH, 


CO 

CH-(CH,)/ 


CHg (CH2)5-CH CHg 

j / 

i / 

CHg—(CHgls-CO 


(IX.) Civeitone. 


(X.) Muscoue. 


CH3 

Cltg—(CH2)6—CH—COOH 

I 

CHg -(CH2)5-COOH 
(XI.) 


Les semicarbazones des cetones methyl^es correspondant aux 
positions 2, 3 et 4 ont et6 synthetisees et comparees avec celle de la 
muscone, mais cette comparaison ne pouvait naturellement avoir qu'une 
valeur limit^e, puisque les cetones synth^tiques sont optiquement inactives; 
ces semicarbazones fondent environ a 30° plus haut que celle de la muscone. 
On prit cependant des point de fusion des melanges; seul un melange 
de la semicarbazonc de la 3-m^thylc6tone avec celle de la muscone 
provoquait une depression. Ceci exclut la position 3 et il ne rest a done 
plus qu’k decider entre les positions 2 et 4. 

En recristaUisant bien des fois les acides dicarboniques C10H3OO4 
mentionn^s plus haut, on arriva a faire monter le point de fusion jusqu '4 
78°. On p^prara alors les acides i-, 2-, 3- ou 4-m^thyl-tridecane 1,13- 
dioiques et il ressortit que seul Tacide i-m6thyl6 possede un F. sup^rieur 
a 78° (94°). Il ne peut done y avoir dans le produit fondant k 78® que 
Tacide m^thyl-i-trid6cane 1,13-dicarbonique (XI) comme produit principal 
et celui-ci est probablement accompagn6 d'un peu d'acide 2-m6thyl^. 

CH3 

I 

CHg—(CHs)^—CH-CHg 

I I 

CH2 --(CHj)4 —C - - CO 
CH—CflHg 

(XII.) Benzyliddoe-muscone. 


CH3 

I 

CHg— (CHa) 5 — 


CH-(CHJj-CO 


'O 


CHa—(CHa)^—COOH 


COOH CH-(CHa),-CHa 


(XllX.) Adde m^thyl-z-trid^cane- 
z,x3-dicarboxylique. 


(XIV.) Ambrettoiide. 
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La muscone fut ensuite condens6e avec Taldehyde benzoique, operation 
dans laquelle il ^tait a croire que la condensation serait empech^e sur 
le groupe m^thyl^nique se trouvant entre le carbone m6thyl6 et le grotipe 
c^tonique et que seul Tautre methylene, voisin du groupe c6tonique 
reagirait. II se forma, par traitement de la benzylidene-muscone (XII) 
avec Tozone et ensuite avec Tacide chromique, un acide homogene, F. 
dextrogyre (XIII). L'acide <^,/-methyl-2-trid^cane-i,i3-dicarboxylique 
synthdtique (XIII) fond a 76° et melange avec Tacide droit ne donne 
pas de depression du point de fusion. 

La formule (X) de la muscone etait ainsi rendue extremement 
probable (112). 

Jusque la, on ne connaissait pas de substances analogues et leur 
existence semblait memo impossible, d'apres la theoric de Baeyer qui 
a montre que les cycles en C5 ct Q sont les plus stables et ont le 
plus de tendance a se former. Des cycles plus grands ne pourraient plus 
se former qu'avec grande difficulte par suite de la forte tension que 
provoquerait la deviation des angles valentiels du carbone. Nous savons 
maintenant que de grands cycles peuvent etre parfaitement stables et 
sans tension grace a une configuration spaciale appropri^e (voir ci- 
dessous p. 98), 

Ruzicka et ses collaborateurs, apres avoir 6tabli la structure de 
la muscone et de la civettone, ont developp6 d’unc fagon magistrale la 
chimie des corps a grand cycle (voir plus de 50 memoires ,,Zur Kenntnis 
des Kohlenstoffringes** dans les Helvetica chimica Acta de 1926 a 1949). 
Nous connaissons aujourd-huides centainesde substances de cette categoric 
(alcools, aldehydes, c^tones, lactones, oxydes, anhydrides, carbonates, 
imines, sulfones etc.) dont les membres ayant des cycles de 14 a 18 chainons 
presen tent g^neralement une odeur plus ou moins musqu6e (voir p. 106). 

Pour des revues d^taill^es de ces corps, voir: Moncrieff (8S, 8g), 
Sabetay (jjr, 132) et M. Stoll (747, J49). 

Le r^gne animal n'a, du reste, pas le monopole des substances macro- 
cycliques a odeur musqu^e; Kerschbaum (59) a isol6 de Thuile des 
semences d'ambrette (Hibiscus ahelmoschus) une lactone, Vamhrettolide, 
qu'il identifia comme 4 tant une hexad^cene-7,8-olide (XIV), et il isola 
la pentadicanolactone («exaUolide») (XV) deThuile des semences d'arig 61 ique 
(Archangelica officinalis), 

Rappelons que Todeur de muse se trouve aussi dans une s6rie de corps 
aromatiques s5mth4tiques, nitres (muse Baur, muse xyRne, etc.). 

Dans la suite, nous exposerons surtout les travaux chimiques ayant 
un int^rfit imm^diat pour la chimie des citones macrocycliques naturelles 
d'origine animale. Les stiroddes k odeur de muse sont trait^s p. 137. 
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d) Premieres syntheses de cetones macrocycliques, 

Ruzicka, Stoll et Schinz (129) ont decrit en 1926 la premiere de 
ces syntheses: la decomposition thermique de scls d'acides ix,a)-dicarboxy- 
liques (XVI), specialement de sels de thorium et de quelques terres 
rares (cerium, ytterbium). I.es n'lidements en cetones cycliques sont 
de 45% pour la cycloheptanonc (suberone), de 25% pour la cyclooctanone, 



® ® Monocf tones i , . r, 

[ selon m<?thodc ZiKGLKll 
0-. —o DiaUonos i 

0- ——o Monocrlones selou mctbodc Re74lCKA 

X—.» Cyclonaloues scion nW^thode Stoll 


Fig. 3. Rendemcnt en c<itones inacrocyclique d’aprds divcrses in6thodes (M. Stoll 149 )' 

mais dc quelques dixiemes de jwur cent seulement pour les cycles en 
C,o et C,,. Ils augmentent ensuite pour atteindre 5% pour les cycles 
en Cj, ct C18 (Fig. 3). Ces difficultes de synthese de cycles en a 
sont dues a des empechements steriques par suite de la forme de la 
chaine carbonde. Les grands cycles, au-dessus dc C,,, se prdsentent 

CHj (CH,), CO CHj—(CHj),—CHj—COO, CH,—(CH,),—CH, 

j i j ^co 

CH, (CH,), CH, CH, -(CH,)5--CHj—CO O'^ CH,—(CH,),—CH, 

(XV.) Exaltolide. (XVI.) (XVII.) Cyclopentadecarione 

(exaltone). 

comme deux longues chaines paralleles relives aux deux bouts par une 
partie courbee (Fig. 4); dans ces molecules, les espaces de vibration des 
atomes d'hydrog^ne se trouvent places a moitie vers Text^rieur, k moiti^ 

Fortsebritte d. Chem. org. Natursl. VI. 7 
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vers rintcrieur du cycle. Dans les cycles de C7 a Cje, I'espace a Tint^rieur 
du cycle est trop petit, les espaces de vibration sont restreints, ce qui 
am^ne une augmentation de la density et des difficult^s de cyclisation 
[voir Stoll et Stoll-Comte (j6j)]. 

Parmi les cetones cycliques de Cjq a C^g synth^tisees par Ruzicka, 
Stoll et Schinz (129), la cyclopentadecanone (XVII) presentc Todeur 
de muse la plus pure et se trouve dans le commerce sous le nom d*exaUone ; 
la lactone correspondante, egalement tres appreci^e (XV), s'appelle 
exaltoUde. L’odeur de la cycloheptad6canone (dihydrocivettone, VIII) 
ressemble beaucoup a celle de la civettone; la double liaison n'est pas 

essentielle pour Todeur dans 
cette serie. 

Ruzicka, Stoll et Schxnz 
(130) ont etudie les produits 
sccondaires se formant au cours 
de la reaction de cyclisation 
(c6tones inferieures, cetones 
non cycliques). 

Stoll et Rouve (138) ont 
etudie en detail la cyclisation des 
sels d'acides polym6thylene“ 
a,o^-dicarboniques. Lcur travail 
a porte en particulier sur la preparation du sel, la decomposition thermique 
et sur I'influence du cation dans le sel. Trente-et-un differents cations 
ont 6t6 examines. D'apres ces essais, la proportion de sel cyclique presente 
primitivement dans le melange a cycliser, ne determine pas le rendement 
de la cyclisation, car e'est au cours du chauffage que les molecules se 
cyclisent grice a Taction specifique du metal utilise. Celui-ci a deux 
fonctions distinctes a remplir: «d'une part, il doit maintenir les bouts 
de la chaine afin que le mouvement moieculaire active davantage le 
milieu de la chaine que ses deux extremites, d’autre part, il doit faciliter 
la transposition moieculaire des deux bouts de la chaine, d*abord en 
sel cyclique, puis en cetone, acide carbonique et oxyde du metal. )> 

La cyclisation des sels de terres rares ne permet pas, cependant,. 
la synthese de la muscone, car la presence d'un ou de plusieurs groupes 
methyles au voisinage du carbonyle emp^che toute cyclisation. 



Fig. 4 . Modulo niol 6 culaire du cyclo-cicosane, d’apr^s 
RuziOKA. Lc module montre les deux chatiies parallcics. 
(Photo M. Stoll, Geneve.) 


e) Syntheses de la muscone. 

Ziegler, Eberle et Ohlinger (175) ont eiabore, en 1933, une nouvelle 
methode de cyclisation permettant des rendements satisifaisants. Ils 
appliquent le principe des grandes dilutions, qui permet de diminuer la 
frequence des reactions entre deux ou plusieurs molecules dicarboniques 
^t d’augmenter ainsi le nombre de cyclisations monomoieculaires. En 
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utilisant ce principe pour la cyclisation des dinitriles d^acides poly- 
methylene dicarboniques (XVIII) en presence d'un amidure substitu^ 
du lithium [par exemple du lithium-ethyl-aniline, CgH5N(C2H5)Li], 
ils obtiennent d'abord un nitrile de cetimide (XIX) quails saponifient 
cn cdtonitrile (XX); ce dernier est ensuite scinde en cetone cyclique (XXI). 


I-C-.N 

(CH2)„ 

I CHa—C N 

(XVIII.) 


, C NH CO 

1 ! ‘ : 

(CHa)„, (CH.)^ , 

; ' I 

- CH C N ' CH—C- N 


(XIX.) 


(XX.) 


CO 


‘ CHa 

(XXL) 


Ziegler et Weber (176) out ainsi effcctue^ la synthese de la muscone 
racemique\ 5 gr. de dinitrilc (XXII) orit donne 2,5 gr. de muscone (X). 

Ziegler et Aurnhammer {174) ont etudic en detail le probleme de 
la tendance de cyclisation en fonction de la longueur de la chaine. 

Ruzicka et Stoll {128) ont repris le probleme de la synthese de 
la muscone en introduisant le groupe methyle dans un cycle d 6 j 4 forme. 
La d^bromuration de la bromoexaltone (XXIII) donne une cetone 
insaturee (XXIV) qui est transformc^e en deriv6 malonique (XXV) que 


I -CHa 

(CHa)u 


—C N 
CHaCzzN 

I 

- CH—CH3 


CO CHBr 

^ i 

(CHa)ia I 

' CHj 


CO CH 

I 

(cn,)ij-cii 


(XXII.) (XXIII.) Bromoexaltone. (XXIV.) 


CO CHa 

I 

(CHo)ia~CH—CH 

11 

(COOR)a 

(XXV.) 


Ton d^carboxylc en (XXVI); une nouvelle decarboxylation conduit 
au compost vinyls (XXVII) qui donne la muscone (X) par hydrogenation. 

L'odeur de la methyl-i-cyclopentadecanone-2 est analogue k celle 
de la muscone, mais moins intense. La dim6thyl-i,3-cyclotrid<§canone-2 
n'a cependant pas d’odeur de muse. 

CO-CHa CO CHa 

I L I I HOOC[(CHa)nOOC(CHa)JaOH 

(CHa)i2—CH-CHa-OOOH (CHalia—C=CH2 

(XXVI.) (XXVII.) (XXVIII.) 

Spanagel et Carothers {140) ont 4 tudi 6 un autre type de cycli¬ 
sation, qui est bas 4 sur une ddpolymerisation en milieu dilu6. L'estolide 
de rca-hydroxypentadecanoique (n = 14) - (XXVIII) donne avec 
du ClgMg'bHgO comme catalyseur et au-dessus de 270®, 70% de 
pentad6canolide (XV). 

De m6me, les polyesters (XXIX, p. 100) donnent facilement des di¬ 
esters (XXX). Malheureusement, ces m6thodes de cyclisation conduisent 
a des produits h^t^rocycliques, tandis que les reactions de condensation 
qui pourraient dormer des produits isocycliques sont le plus souvent 
trop lentes, ou trop compliqu^es pour 6tre utilis^es en tr^s grande dilution. 

7* 
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I—CO O 

I ! 

H00C(CH2)^_^ C00[(CH2)^00C(CH2)^^^ C00],(CH2)^0H-->(CH2)„_^ (CH 2 );, 
(XXIX.) I ' 


Hunsdiecker [48) a public en 1942 une nouvellc methode, consistant 
a cycliser des composes metalliques d'esters halogene acyl-acetiques avec 
scission cetonique consecutive. II condense un chlorure d'acide poly- 
m6thylenc-a)“halogene (XXXI) avec I’ac^toacetate d'6thyle; le produit 
de condensation (XXXII) donne, par traitement au methylate de soude, 
Tester o>-brorno-/ 5 -cetoniquc corrcspfmdant (XXXIII) dont le scl 
sodique (XXXIV) est cyclise en c^toester (XXXV). Les rendements 
sont dc 40 a 75% pour les cycles en C14 a Cj;. Hunsdiecker (48) a ainsi 
synthetis^ la muscone racemique (X. p. 95). 


CHa—(CH2),-C00R 
Br 


CHa—COOR 

-b I 

CO—CH^ 


CHa—(CHa)a.-CO CHa—COOR 


CHa—(CHo) a,—CO—CH—COOR 

-> I ‘ ' I 

J 3 r COCH3 

(XXXII.) 

CHa- (CHa)^,—CO—CH--COOR 


(XXXIII.) Ester <u-bronio-/I-c(Honiqut;. 


(XXXIV.) 


Le traitement des esters ro-brorn^s par le methylate de soude 
peut provoquer differentes reactions secondaires (par exemple Br—CHg— 
en CH3O—CHa— etc.). 

Une autre synthese de la muscone, decrite par Stoll et Rouve (160) 
se sert de la dod(^camethylene-a,a>-dim6thyl-dic6tonc (ou dioxo-2,15- 
hexadi^cane, XXXVIII) comme matiere de depart. Ce produit est 
facilement accessible, .soit par une condensation dc Tu'x,a)-dibromodecane 
avec de Tester ac^tylacetique, suivie d'une scission en dic^tone, soit 
par T 61 ectrolyse d'un melange de oxo-6-heptanoique (XXXVI) et de 
oxo-io-undecanoique (XXXVII). 

CH„ - (CHa). CO CH COOR 

I ® j CH3-CO - (CH, 0 j, COOIH-CfV-CO (CH2)4C00M 


(XXXV.) (XXXVI.) Acide 0x0-6- (XXXVTI.) Acideoxo-io- 

beptanoiquc. undecano'ique. 

En appliquant la methode de Grignard et Colonge (17, 34) a la 
condensation interne de la dic6tone (XXXVIII) et en choisissant les 
conditions les plus favorables, Stoll et Rouve (160) ont obtenu 17% 
de /8-m6thyl-cyclopen tad 4 c 6 none (muscenone, XL) par deshydratation 
de (XXXIX). Par reduction catalytique, celle-ci est facilement trans- 
form^e en muscone (X). Cette synthase rappelle, du reste, la biosynthese 
de la muscone, telle qu*elle a discut^e par Stevens {144) (voir p. 109). 
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CH3 CO—(CH2)i 2—CO—-CHj -> 

(XXXVIII.) 2,i5-Dioxo-hcxad6cane. 

CH3 

I 

I C—OH , C—CH, 

--> (CH2)i2 /CH2 -> (CH2),2 /-II + H2 -> (X) 

I X —n-P j / 

‘-CO '-—CO 

(XXXIX.) (XI..) />-MeJhyl-cydopeiita-dtVfnont*. 

Blomquist (it Spenckr (9) out (itiKli<^ la polymerisation de di« 
cdtenes (XLIl) obtenus par deshydrohalog6nation de dichlorures d'acides 
dicarboxyliques (XLI) par Taction d'amines aliphatiqucs. Ces di- 
c^tenes (XLIT) se condenscnt sous forme lincjairc pour donncr des ccitenes 
polymeres, mais en travaillant a de tres grandes dilutions, on obticnt 
aussi une certaine quantite de composers macrocycliqucs. L'hydrolyse 
et la decarboxylation de ces cctenes cycliques (probablement XLI I a) 
donne des c6tones (XLTII) et des dic6tones (XLIV) macrocycliqucs. 


COCl 

1 

CH=:^CO 

1 


(CH2),, 

1 

1 

->• (CH 2)^_2 > 

1 


COCl 

CH=:CO 


(XLI.) 

(XLII.) 


i 

0 

II 

0 

II 

0 

1 

CO 

1 1 

i 1 

\ 


-■> (CH 2 )„>i CO f- 

(CH2)n (CH2] 

i 

• i 


r 

0 

li 

0 


CO 

(XLII a.) 

(XLIII.) 

(XLIV.) 


Ici encore les rendements sont faibles parce que la transformation 
des deux functions du chlorure d'acide n’a pas lieu simultan^ment. 
En outre, le produit primaire de cyclisation (XLIIa) semble rdagir avec 
le produit initial puisque le rendement flechit lorsqu'on r6duit la vitesse 
dlntroduction. 

Blomquist, Holley et Spencer {8} ont effectu^ la synthase de la 
muscone racemique (X) en utilisant Tacide bromo-'i4, m6thyl-3, t^tra- 
d^canoique (XLV) comme point de depart. Par une synthese malonique 
effectu^e sur son ester, ils obtiennent le diacide (XLVI) dont le dichlorure 
donne la muscone (X, p. 95) apres transformation en dic^tene. 

Br(CH2)i,--CH-~CH2COOH HOOC(CH2)i2—CH<~CHj~~COOH 

I —-> I 

CH, CH, 

(XLV.) Acide bromo-i4*m6thyl-3- (XLVI.) 

t^trad^canolque. 
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Toutes les reactions de cyclisation, d^crites jusqu’ici, ont cependant 
I’inconv^nient de s'effectuer seulcment en milieu tres dilu^ et avec des 
rendements loins d'etre satisfaisants. 

A Theure actuelle, une seule reaction de condensation permet la 
preparation rapide des produits megacycliques avec d'excellents ren¬ 
dements: c'est la methode de condensation acyloinique de Bouveault 
et Locquin (jj) que Hansley (jy) avait deja mise au point dans la seric 
aliphatique. Cette condensation consiste dans Taction de 4 atomes de 
sodium finepicnt pulverises et fondus sur une molecule de diester (XLVII). 
Elle aboutit a un enolate sode (XLVIII) et deux molecules d'alcoolate 
de sodium. Par hydrolyse, Tenolate se transforme cn une cyclanolone (IL). 
La cyclisation acyloinique est environ 300 fois plus rapide que la plus 
rapide des autres cyclisations. C est la raison pour laquelle on obtient 
par cette methode, pour les produits musques, des rendements depassant 
80%, meme en maintenant une vitesse d'introduction de 100 g. de produit 
par litre et par heure. Les cycles moyens se preparent avec des rendements 
allant jusqu’a 40% [Stoll et coll. (756, 159) \ Prelog et coll. (97)]. 
Voir Figure 3; p. 97 [d'apres Stoll (149)]. 

Ayant d'abord mis au point la deshydratation des cyclo-polymethyiene- 
cetols-1,2 (IL) en cyclo-polymethylene-cetones non saturees en a, 
(L) {148) y Stoll et Commarmont (752) ont pu effectuer la synthese de 
la muscone en fixant, sur la cyclopentadecene-2-one-i (L), en position 1,4, 
du systeme conjugue, le magnesien du bromure de methyle, selon la 
methode de Kharasch et Lambert (67). Apres hydrolyse des produits 
!-COOR , CONa 1 C==0 




-f 2 NaOK 


(XLVIII.) 


OMgBr 


(CHg),^ i + BrMgCHa 


(CH,), 


COMgBr 


CH3 4 - (CH,)n 


CH - CH 

(L.) Cydopentad6ctoe*2-one-i. 


HC -CH 


HC-CH 


(CH,),, CH, (X.) Muscone (p. 95)- 


(Lilt.) Cydopeatad6cdaG>2-in^thyl-x-oLx. 
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d'addition (LI et LII), on obtient un melange de muscone racimique (X), 
a c6t6 du cyclopentad^cene-2-m^thyl-i-ol-i (LIII). Le rendement en 
produit provenant de la fixation en position 1,4 n’etait toutefois que 
le cinquiemc environ de celui provenant de la fixation en position 1,2 
sur le groupe carbonyle. 

II ^tait, d'autre part, naturel d'essayer des cyclisations de diesters 
portant d6ja le groupe nK^thyle de la muscone. Mais, la cyclisation 
d’un ester m^thyle en position a (LTV) mene exclusivement k une 
cyclanolone ayant le goupe carbonyle en position oc du groupement m6- 
thyle (LV). Par reduction, on obtient done exclusivement Tix-mt^thyl- 
cyclopentad6canonc (LVI) [Stoll (J5r)]. Si le groupe methyle sc trouve 

CHg 

I 

, CH -COOC2H5 CH-CH3 CH—CHg 

(CHg) 12 ~ ^ 

coo—C2H5 CHOH ' CHg 

(LIV.) (LV.) (LVI.) 

cn position (i (LVII), la synthese reussit partiellement [Stoll et Commar- 
MONT (JiJ)]. On obtient un melange de deux cyclopentad<^canolones 
(LVIII et LIX) qui donne par reduction un melange de y-m6thylcycIo- 
pentad^canone (LX) et de muscone (X, p. 95 )^ dont I’odeur est identique 
a celle de la muscone naturelle. 

CHg 

I 

CH - CH, 

I 

(CH2)„ 

(LVII.) (LVIII.) (LX.) y-M6thyl-cyclopentad<§canone. 

+ 

CH—CH.J 

! I 

> (CH,),, CH, ->■ (X.) Muscone (p. 95). 

I I 

CHOH CO 
(LIX.) 



j) Syntheses de la civettone. 

La (difficult^ de cette S 3 inthese reside dans I’obtention de I’acide 
dicarbonique correspondant, ayant la double liaison ^ la place voulue. 
Ruzicka, Plattner et Widmer (rao) ont r^cemment syntMtis^ les 
formes cis et trans de cet acide octadectoe-q-dicarbonique-i.iS (LXV) 
par la m^thode suivante: I’acide ac4tyl^nique (LXI) est condense en 
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acyloine (LXII), celle-ci r^duitc en glycol (LXIII) que Ton oxyde en 
acide dicarbonique (LXIV); on remplac^ ensuite les deux —OH par 
une double liaison et obtient (LXV). Hunsdiecker (50) a egalement 
CH3 C? C (CHa)^ COOH -> CHg C__C (CH2)7 CO CHOH (CHg); Cr. C CH3 
(LXI.) (LXII.) 

CHg—C C—(CHj),—CHOH—CH 0 H~(CH 2 ) 7 —c C—CHg > 

(LXIII.) 

- HOOC -(CH2)7 -CHOJl—CH 0 H ~-(CH2)7 - COOH ^ 

(LXlV.) 

- -> HOOC—(CH2)7~CH=CH—(CH2)7—COOH 

(LXV.) Adde octadecdie-9-dicarbonique-i,i8. 

decrit la preparation de ces deux acides. Leur cyclisation qui doit donner 
les deux civettones st6r(^oisomeres (cis et irans, ou a et p) n'a pas encore 
ete decrite. 

Hunsdiecker (49) a recemment public la synthese do la civettone 
itans, st^rdoisomere du produit naturel qui est cts. II utilise commc 
matierede depart Vacide aleuriiique (trihydroxy-9,10,i6-palniitique, LXVI) 
de la gomme-laque. La bromuration de cet acide donne Tacide tribromo- 
9,10,16-palmitique (LXVII) qui fournit, apres ddbromuration partielle, 
Tacide bromo-ib-hexad^cenc-q-oique-i (LXVIII), dont le chlorure est 

condense avec rac< 5 toac( 5 tate d'ethyle. Une saponification partielle du 

produit de condensation (LXIX) mene au bromo-i8-octad6c^ne“ii- 
cdto-3-oate d^^thylc trans (LXX). La cyclisation de ce c^to-/?-ester selon 
la methode de Hunsdiecker {48) conduit au civettone-^-carboxylate 
d’ethyle trans (LXXI), dont la saponification donne la civettone trans (IX). 

HO {CHgle-CH CH (CH2)7 COOH Br (CHglg CH CH-(CH2)7 COOH 

II ^ II 

OH OH Hr Br 

(LXVI.) Acide trihydroxy-9.io,i6-palraitique (ac. aleuritique). (LXVII.) Acide tribroino-9,io,i6-palmitiquc 

-> Br(CH2)e—CH=CH—(CH2)7—COOH -> 

(LXVIII.) Acide brorao-i6-hexadec^Sne-9-orquc-i. 

Br—(CHa)g—CH=:CH—(CH2)7—CO 

-HC—COOR 

/ 

HgC—CO 

(LXIX.) 

-> Br{CHj)e—CH=CH—(CHa)7—CO—CHg—COOCgHg-► 

(LXX.) Bromo-i8-octad^iie-ii-c6to-3-oate d’^thyle. 

CH—(CHa),—CH—COOCaHa 

-> |j I - > (IX,) Civettone (p. 95). 

CH—(CH,),—CO 

(LXXI.) Civettone-a-carboxylate d'^thyle. 
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Blomquist et Holley (7) ont am 61 ior 6 les rendemcnts de cette 
sj^these. En appliquant leur m^thode de cyclisation de dic(^t6nes 
au dichlorure de Tacide prepard d'aprcs Hunsdiecker {48), Blomquist, 
Holley et Spencer {8) ont obtenu la dvettone trans en un rendement 
de 33% a partir du diacidc. 

Stoll, Hulstkamp et Rouve (257), ont rcc'cmment decrit la premiere 
synthese de la dvettone naturelle cis. 

Le c6to-9-heptadecane-dioatc dethyle (LXXII), prepare selon 
Stoll (150), cetalis6 par du glycol d’ethylene (LXXIII) est cyclist selon 
Stoll et Hulstkamp (756) en ethylene-cdtal de la cycloceto-9-hepta- 
d6canolone-i,i7 (LXXIV). Par rdluction catalytiquc, cette derniere 
est transformee en ethylene-cetal du cycloceto-9-heptadecanediol-i,i7 
(LXXV). Un traitement a Tacide bromhydrique dans de I’acide acitique 
le transforme en bromo-acetate cyclique (LXXVI) qui donne par reduction 
au zinc la dvettone (IX, p. 95). La separation des civettoncs rx et ^ a prisonte 
quelques difficultes; la cristallisation directe des c6tones et la cristalli- 
sation des semicarbazones ayant echoue, les auteurs ont finalement reussi 
la separation par cristallisation fractionnee des ethylenc-cetals (LXXVII). 


^(CHj),-COOCjH5 


^(CH2)7“C00C2H3 

/ 

u 

II 

0 

^ i .t 


\ 



{CH^),-cooc^n^ 

CH 2 -O 

(CH2)7~~C00C2H6 

(LXXIL) C6to-9-h6ptade('ane-dioatc d’etbylii. 


(LXXIII.) 

CHj-O JCH2),-C=0 

1 i 

CHo 

1 

- 0 ^ (CHg);—CHOH 


-> ! 

i 

! / \ 1 


1 


CHg—O (CH2)7-~CH0H 

(LXXIV.) t 5 thyl 6 nc-r 2 'tal de la ( ycloceto- 
9-h6ptadecanolone-1,17. 

(CH2)7-’-CHBr 


o=c 


\ 


CHg—O (CHg),—CHOH 

(LXXV.) fithyleno-cetal du cydoc6to- 
9-Mptadecanedior 1,17. 

CH2 - c\ (CH2)7--CH 

\ / ! 

(IX) ;; 

CHg-O (CH 2 ),—CH 


(CHg),—CHOOCCH3 
(LXXVI.) (LXXVII.) 

CHj—^(CHs),- CHBr 


\ / 

! 

CHj—O (CHj),—CrfBr 


-2 HBr 


(LXXVIll.) 


i /^\ 

CHj—O (CHj), 

(LXXIX.) 


(LXXVII) (in,)!, NH 

L. I 

(LXXIX a.) Hcxad^ca>m^ihyldne-imine. 
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A cette occasion, ils ont aussi purifi^ la civettone naturelle par son 
^thylene-cdtal et mis en evidence qu’elle contient, a cot^ de la cyclo- 
heptad^ctee-9-one-i (IX) d 6 termin< 5 e par Ruzicka (no), de petites 
quantit^s d'autres isomeres, mais pas de civettone P (trans). 

La comparaison de I’ethylene-c^tal et de la semicarbazone de la 
civettone naturelle avec les derives synthetiques et /9 a permis 
iVidentifier la civettone naturelle avec la civettone oc (cis). 

Pour determiner la stereoisomerie des civetiones oc et p, Stoll, Hulst- 
KAMP et Rouve (757) ont transforme le cetal de la civettone (LXXVII) en 
son dibromure (LXXVIII) puis en cetal dc dehydrocivcttonc (LXXIX). 
Par reduction catalytiquc de cette derniere, ils ont obtenu le cetal de 
la civettone oc. Puisque la reduction catalytique d'une triple liaison 
mene presque toujours a I’isomere cis, ils attribuent a Tisomere oc identique 
au produit naturel, la forme cis et a Tisomere p la forme trans, Des 
mesures de spectres Raman de la civettone naturelle confirment cette 
conclusion. 

2° Constitution chimique et odcur musquec des substances 
macrocycliques. 

L’influence de la grandeur des megacycles sur Todeur a ete etudiee 
en detail par Hill et Carothers {44 — 46), Ils ont trouve que les cycles 
avec 9 a 12 membres avaient une odeur camphree ou menthee, ceux avec 
13 membres une odeur de bois ou de cedres et que I’odeur musquee etait 
propre aux cycles a 14,15 ou 16 membres; les cycles avec 17 ou 18 membres 
ont quelquefois une odeur de civette; a partir de 18 membres, Todeur 
devient faible et disparait pour des cycles plus grands. Le tableau i 
illustre cette d^pendance de Todeur de la taille des cycles. 

Tons ces corps contiennent des groupes carbonyles, mais Ruzicka, 
Salomon et Meyer {123) ont montrd que des imines cycliques (par 
exemple rhexad^ca-m^thylene-imine, LXXIX a) ont aussi une odeur 
musquee. Nous voyons done que e'est moins la composition qualitative 
de la molecule que sa forme qui est responsable de Todeur musquee. 

Muse americain. 

Stevens et Erickson (143) ont ^tudie en 1942 le parfum des glandes 
odorantes du Rat musqu6 d’Am^rique (Ondatra zihethicus rivalicius) 
(Fig, 5) et ont ainsi d6couvert la source naturelle la plus abondante de sub¬ 
stances macrocycliques, car cet animal est extrtoement r6pandu a certains 
endroits (6 millions sont captures annuellement dans le seul fitat de 
Louisiana), 

Les glandes a parfum se trouvent chez les animaux des deux sexes 
et p^jsent en moyenne 1,25 g. k T^tat frais. 2,650 glandes fraiches 
{3i320 g.) ont foumi 71 g. d*une huile insaponifiable distillant de 130 a 
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Tableau i. Odeurs de substances macrocycliques» d’apres Hill et 

Carothers (^5). 


Nombrc total 
de menibres 
du cycle (CO 
et 0 coiiipris) 

1 

C^tones 

Lactones ; 

Carbonates 

Anhydrides 

1 ! 

(CHj)^ CO i 

' 1 i 

.-0 i 

i ; 

■-CO i 

i 

(CH,)„ CO 

n i 

(CH,)^ 0 


1 



1---C'O 

5 

amandes ameres, 
men thee 

fruilec 

; faible 

nt'iant 

6 

amandes ameres, 
menth^e 

faible 

, » 

, 

» 

7 

iuterinediaire 

faible epicce 
floralc 

: ■- ! 
1 

faible 

S 

» 


; — 


9 

camphrco 


menthee 

empyreumatique 

— 

10 

» 

— 

menthee, moins 
empyreumatique 

epicee 

1 1 

» 


terreuse, 

camphree 

» 

12 

» 

— 

terreuse, 

camphr^'e 

» 

>3 

bois dc ccdre, 
puis muse, 
surtout on 
solution diluce 


cMre faiblement 
ros 6 c et 
camphrt^c 


14 

muse 

muse 

muse 

aromatique 

*5 

» 

muse et ambre 
gris 

» 

muse 

16 

intermediaire 

muse 

1 » 

— 

17 

civette 

civette 

! 


18 

faiblement 

civette 

faible 

1 


19 

faiblc 



muse 

21 

— 


! faible 

1 



170° sous I mm. Par distillation fractionate on la stpare en deux parties 
principales, contenant chacune un carbinol macrocycUqtie inodore 
accompagnt de petites quantitts de la cdtone correspondante, odorante. 

Le carbinol de la partie la plus volatile (tb.. 136 a 138“; i mm., F. 77 
4 78°) est It.cyclo-pentadicanol [nor-muscol, exaltol (LXXX); la cttone 
qui I’accompagne est la cyclo-pmtadicanone [nor-muscone, exaltone 
(XVII) p. 971 - 

La partie moins volatile (tb. 155 a 157°) contient surtout le cyclo- 
heptadicanol [dihydrocivettol (LXXXI)] et de petites quantitts de 
cyclo-heptadicafwne \dihydfocivettone (VIII)]. Toutes ces substances 
ont ttt identifites par comparaison avec des produits synthttiques. 
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La faible activite optique des c^tones naturelles serait due k des traces d’isomeres 
et expliquerait la difference des nuances d’odeur des cctoncs naturelles et synthc- 
tiqiies. 


CHg - CHOH 

I I 

(LXXX.) 

AV-muscol (exaltol). 


CHa CHOH 

I I 

(CH2)i 4 CHg 

(LXXXI.) 

l.)ihydrocivettol. 


CHa - CO 

1 I 

{CH2)to-CHa 

(LXXXII.) 

Cyclo-trid^caiione. 


CHa CO 

I I 

(LXXXIII.) 

C y clo-nonad6canone. 


Lc muse distille du Rat musque de Louisiana contient, 58% de 
dihydrocivettol, 40% de nor-muscol et 2% des deux cetones odorantes. 
Un brevet de Stevens et Erickson (146) d^crit Toxydation des carbinols 
en cetones odorantes [voir aussi le brevet dc Spareawk (141)]. 



Fig. 5. Rat d’Ain^rique {Ondatra zibethica. Muse rat, Moschusratte). [Photo New York Zoological Society.] 


Dans un memoire suivant, Stevens {144) rapportc Tisolemcnt de 
deux nouvelles cetones macrocycliques, la cyclo-tridecanone (LXXXII) 
et la cyclo-nonadecanone (LXXXIII) obtenues par oxydation des carbinols 
naturels des glandes a parfum du Rat musqu6. 

Stevens {144) a ^te frapp^ par lc parall^lisme entre les quantites 
de cetones et carbinols macrocycliques et la teneur des glandes en acides 
gras ayant un atome de carbone de plus (Tableau 2). 


Tableau 2. Teneur des glandes cl parfum du Kat musque en acides gras 
et en substances macrocycliques [Stevens {144)1. 


Acides gras 
% 

Substances macrocycliques 
% 

Cio 0.3 

C, - 

Ci2 0,7 

C,1 -- 

Ci4 8,1 

Cij 1,0 

Cie 29,8 

Ci5 40,0 

C18 59,3 

CijSS.o . 

Cao L5 

Cl, 0.7 

C28 0,2 

C„ ? 
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II en tire la conclusion que les cetones sont formees a partir des 
acides ayant un atomc de carbonc dc plus, et propose le m^canisme 
suivant: 


CH,—CH, 


CHv~XHO 


cyclisation 


X == 9 , II, 13, 15 

(pc>ur la civcttonc prendre I’acide oleique). 


CH«~CHOH 


> (CH,), 


CHo—CH • COOH 


CH. -CH, *^COOH 


CH,~-CHOH 


CH. CH., 


CO 


CHo -CO 


'"CHg—CH-COOII "'CH2 CHg 

La synthese hiulogiquc de la musconc s’expliqucrait par les formules 


suivantes: 

CIL—CH2—CH3 

' CH, —CI'L —CHo - COOII 


o>-oxydation 


^CHj—CHi,-COOH 




Acide stcariqne. 

CO—CHo—COOH 


CO—CH, 


/^-oxydation 


condensation 


(CH2)„ 


► co„ 

> (CH2 ),j 


CHo—CO—CH,—COOH 


CO CHo 


CHg—CO--CH3 
CO CH 


-> (CH2)n 


(CHo),i 


CHo C—CHo 


CH, C—CH, 


CO CHo 


CH, CH—CHo 


Les carbinols du Rat musque pourraient se former par r6duction 
des cetones, ou plutot, puisqu'ils constituent 98% de la fraction macro- 
cyclique en 6tre les precurseurs (formas par decarboxylation de Tacide 
jS hydroxyie). 

Ainsi s'expliquerait Texistence du civettol a c6t6 de la civettone; 
le mecanisme de formation de la muscone esquiss^ ci-dessus ne laisse 




no 
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pas, d’autre part, prdvoir de formation interm^diaire du carbinol muscoL 
Ruzicka (hi) n'a pas, en effet, trouv6 de muscol dans Textrait de muse. 
Des theories analogues a celle de Stevens (144) avaient, du reste, d^j^ 
et6 ^mises par Ruzicka (jjj) en 1926, qui avait fait d^river la civettone 
de Tacide oleique ct la muscone de Tacide palmitique. 

Dans une fraction de tete des cdtones macrocycliques, Stevens (144) 
a trouve ime c^tone, probablement identique a la decanone-2, trouvee 
par Pfau (96) dans Thuile de Rue (Ruta graveolens). 

4^ Autres animaux a secretion musquee. 

Le tableau 3 enumere d*autres animaux ayant des secretions musquees, 
mais dont nous nc possedons encore aucun detail chimique. 


Tableau 3. Animaux i secretion musquee [en partie d'apr^s Hardy 



Nom 

Organe ou partie du corps 
ayant I'odeur musquee 

Boeuf musque 

1 . Mammiferes. 

Ovibos moschatus 

Toutc la chair 

Z6bu 

Bos indicus 


Chamois 

Capra ibex 

Le sang s6ch^ 

P^cari 

Dicolylt's iorquatus 

Glandes inguinalcs 

J.)esman 

Myogal moschatus 

Glandes caudales 

F ourmilier 

Myrmecophaga tetradactyla 

La chair 

BJaireau 

Meles meles 

Glandes caudales 

b'uret-blaircau 

Helictis moschata 

Glandes caiuiales 

Martre 

Mustela foina 

Les f6ces 

Kangourou musque 

Potorus 


Canard musque 

II. Oiseaux. 

Ana moschata 

La chair 

Canard musqu6 d’Australie 

Biziura lobata 


Vautour 

Gyps fulvus 

L'ceuf 

Tortue 

III. Reptiles. 

Cinosternon pennsylvanicum 


Crocodile 

Crocodilus vulgaris 

4 paires de glandes 

Col6optferes 

IV. Insectes. 

Aromia moschata 


» 

Callichromides 


Escargot 

V. Mollusques. 

Fasciolaria trapezium 


Cdphalopode 

Eledone moschata 

Glandes a parfum 


Des glandes odorantes bien developpees se trouvent en outre chez 
le Renard (glandes caudales et plantaires), chez le Cochon et THippopotame 
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(glandes caudales et inguinales), chez les Lizards et Geckos (glandes 
sous-maxillaires et autres). 

L’influence des substances macrocyclicpies h odeur de muse sur la psychologic 
hutnaine est certaine. Le Magnen (cVj) ecrit que «rodeur de muse provoque des 
images sexuelles et de plaisir pli3^sique»; il a trouvtS d'autre part, que certaines 
sensibilitds ^taient en relation avec I'elat hormonal. «L’odeur de muse d’une 
lactone k grand cycle n’etait perdue de fa9on intense que par les femmes adultes. 
Les males et les impubferes des deux sexes ne per^oivent pas, ou per9oivent faiblement 
I'odeur. L’intensitd per9ue par la femme semble evoluer nettement avec le cycle 
gdnital; I'intensit^ maxima de la perception cHant atteintc au moment oii la secretion 
endocrine des hormones sexuelles est maxiinale» 


5 ° Substances soufrees des Mustelides et d'autres animaux. 

Les secretions odorantes des Mustelides semblcnt surtout servir a 
la defense, car ce sont des substances soufrees generalement tres malo- 
dorantes. 

Le Mydaus des Philippines (Mydaus marcheiHnit) ejccte la s6cr6tion 
de ses deux glandes anales contre son enneini a une distance de presqu’un 



Fig. 6. Moufette {Mephitis nigra, Skunk, Skunks). [Photo New York Zoological Society.] 


mtoe. Aldrich (j) et Beckmann (4) ont d6j^i montre en 1896 que leur 
4ipa.rfuin^ contenait du butyl-mercaptan et ils avaient soup^onnd la 
presence du disulfure correspondant. En I 937 > Jester et Bertuzzi (25) 
ont 6tudi^ I’excr^tion malodorante d’une Moufette (du «zorrino») d’Am6- 
rique du Sud (Conepatus suffocans) et constat6 la presence d’un mercaptan 
en C4 (probablement »-butyl-mercaptan) a c 6 t 4 d un mercaptan en C4 
insatur6 et du disulfure correspondant. En 1945 . Stevens (143) ^ examine 
le «parfum» de la Moufette d’Am 4 rique du Nord (Mephitis mephitis 
nigra) (Fig. 6) Hardy {43) dit de cet animal .. from two anal glands the 
animaU squirt for ten to twelve feet a yellow fluid that is so pungent. 
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nauseous and foetid that no enemy—unless it be the great horned owl—can 
withstand it. The smell often pervades the atmosphere for a quarter of 
a mile”. Stevens (143) a isol6 de cette secrc^tion, a cote de mercaptans 
tres volatils, une substance insatur^e de formule C8H^4S qu'il a identifi^ 
avec le sulfttre de dicrotyle CHa-CH-^CH—CH^—S—CHa—CH-CH-CHg. 
II n'y avait pas dc substances macrocycliques. 

Des substances soufrees malodorantes se forment quelquefois aussi 
dans Vorganisme humain et se font sentir dans Thaleine. C'est le cas 
par exemple des malades traites par la thiouree, contre Thypcrthyroidisme; 
il s'agit probablement d'un mercaptan forrnd a partir de la thiouree 
[Challenger [14)]. Des personnes recevant des preparations de bismuth 
^taient autrefois connues pour Icur «haleine dc bismuth»; la il s’agissait 
de derives methyl 6 s du tellurium pr 6 sents comme impuretes dans, le 
bismuth [Challenger {14)]. L*odeur desagreable de Thaleine apres 
absorption d*ail est certaineraent aussi due a des derives alcoyl 6 s dii 
soufre. 

On trouve aussi des mercaptans chez les Invertebrcs, par exemple 
dans les glandes a pourpre de Murex trunculm [Jullien, Garabedian 
et Guibault (57)]. 

6 ° Castoreum. 

Les glandes a parfum du Castor Canadien [Castor fiber L.) (Fig. 7) se 
trouvent dans le commerce sous le nom de castoreum. Ces glandes, piriformes 
et paires, existent dans la region anale des animaux de deux sexes et pesent 



Fig. 7 . Castor {Castor fiber, Beaver, Biber). 
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k r^tat sec, de 50 a 100 g. par animal (Fig. 8). En marchant, le Castor 
laisse une trace odorante due a la stoetion de ces glandes; cest cette 
odeur, ph^nolique et animalc, qui scmble jouer un role dans Tattraction 
sexuelle et qui est encore aujourd*hui appr^ci^e en parfumcrie. A Tdtat 
frais la secretion se pr6senterait sous forme d'un liquide blanch 4 tre, 
cremeux; a Tc^tat s^che elle devient brune, foucee, dure et cassante {42), 
Walbaum et Rosenthal (167) ainsi que Pfau (95) ont etudiS plus 
en detail les constituants du castoreum et y ont trouv^ Vacide henzotque, 


Vacetophdnone, Valcool henzylique, 
le p-ithylphdnol, le horndol et deux 
phenols repr^sentant soit To-cresol 
et le gaiacol, soit rn-ethylph6nol 
et le cr^osol. Pfau (95) mentionnc 
egalement la presence d’une lac¬ 
tone tres odorante. 

Nous y avons trouv^, en plus 
des substances isolees i)ar les 
auteurs precedents, une trcntaine 
de composes nouveaux (70); Ta¬ 
bleau 4, p. 114. 

Stevens [142) a recemment 
cherch^ des substances macro- 
cycliques dans le castoreum, sans 
en trouver; il rapporte Tisolement 
d’acide anisique; son «acide casto- 
riquc» n'est certainement pas tui 
produit homogene, de meme 
la «castorine» d'auteurs anciens 
(voir 62, 67); dans ce dernier cas 
il s’agit certainement de chole¬ 
sterol accompagne de faibles 



Vessie 


Testicules 


Glandes h 
parfum 


Glandes 

analcs 


Anus 


Fig. 8. Organes sexuels du Castor (d’apr^s GuiBOtJRT ot 
PLATJCHON). 


quantit 4 s d’autres stdroidcs (67). 

En ajoutant aux 45 substances identifies avec certitude, autant 
d’autres dont la purification n’a pas encore 6 t 4 possible, nous arrivons 
au total i une centaine de corps chimiques dont se composerait la secretion 
des glatiHe-i k parfum du Castor. La presence d’un tel nombre de substances 
plus ou moins Stranges dans une glande animale nous a paru tr^ sur- 
prenante; nous croyons cependant avoir trouv6 les deux principales 
raisons qui expliquent ce ph^nomene. Tout d abord, le Castor se nourrit 
principalement d'dcorccs et de bou/gcons d arbres, done de parties vdg^tales 
tr6s riches en glycosides, phenols, terp>6nes, etc. Mais 1 absorption de 
ces substances par d’autres Vert^brfe entralnerait simplement leur 
Elimination par I’urine, le plus souvent aprEs conjugaison appropriEe. 


FOTtschritte d. Chem. org. Naturst. VI. 
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Tableau 4. Constituants du castor^um (glandes k parfum du Castor 

Canadicn 70). 

(Les substances marques d’un U se trouvent dans I'urine de Vert^bres.) 

Alcools {6y, 68, 70, y8) \ alcool bcnzylique (libre ct est( 5 rifie), cholesterol, p-choU 
estanol, a5-hydroxy-5-t6tTahydro-ionol (U), mannitol (U). 

Phdnols {63, 68. 70, 75): /)-6thylphenol (U, ♦♦). />-propyl-phenol (*♦), pyro- 
cat^chol (U), hydroquinone (U), ether monom^thylique d’hydroquinone (*), 
chavicol (*), <^thyl-gaiacol (*), mdthyl-pyrocatechol (*), 6thyl-pyrocatdchol (*), 
b^tuligenol (*), dihydroxy-2,4'-diph^nylm6thane (**), dihydroxy-4,4'-dibenzo-(x- 
pyrone (pigment 1, ♦♦*), dilactone de Tacide dihydroxy-4,4'-ciiphdnique (pig¬ 
ment II, ***); un ether phenolique, F. 83° (**♦). 

Alddhydes (64): aldehyde salicylique (*). 

atones {64, y8)\ acetophenone (*), -hydroxy-acetophenone (‘'‘), />-methoxy- 
acetophenone (♦’"), une c^tone aromatique CjoHigO, deux cetones isomeres 
probablement derives d'ionone (U, **). 

Acides (62, 68. 70): benzoique (U), hydrocinnamique (*), cinnamique (U), 
salicylique (U), w-hydroxybenzoique (U). />-hydroxybenzoique (IJ), anisique (*), 
gentisique (U), 5-methoxy-salicyliquc (**). 

Esters {68, 70): ol^ate de cholesterol, un ester phenolique (F. 170°), esters d'alcool 
cerylique et benzylique et de phenols avec Tacide gentisique. 

Amines {6y, yo): castoramine CjgHggOgN, F. 66° (***). 

Or — et ceci est la deuxieme raison — le castor ne les ilimine pas par 
Vurine, mais les depose dans ses glandes d parfum et les accumule. 

Guibourt et Planchon (j5) ont d^ja en 1876 emis Topinion «qu'il 
existe toujours une relation entre Todeur que presentent les excretions 
et s^cr^tions des animaux et les aliments dont ils se nourrissent. Le 
castordum du Canada possede une odeur t^r6binthin6e parce que le 
castor se nourrit surtout d'6corces de coniferes si communes en Amerique 
tandis que le castor de Russie ou de Sib^rie foumit le castor^um de ce 
nom, caracteris6 par Todeur de cuir de Russie ou d'^corce de bouleau, 
qui sert tout a la fois a nourrir les castors et a tanner les cuir9». 

Les substances suivantes, Isoldes du castor^um se trouvent dans 
les icorces d'arbres: horneol, pyrocatichol, betuligdnol, p-hydroxy-aedto- 
phdnone, acides benzoique et salicylique, Uacide ellagique des icorces 
d'arbres est un proche parent des pigments du castor^um (voir ci-dessous). 
De la lignine d^rivent certainement les phenols m^thoxyl^s gaiacol, crdosol 
et ethyUgaiacol, Les bourgeons d’arbres contiennent: de Vhydroquinone 
et son ether monomdthylique, de Valddhyde salicylique, de Yacdtophdnone, 
du salicylate de benzyle, etc. 

(*) Substances Isoldes pour la premiere fois d’un organe animal. 

(*♦) Substances isol^es pour la premiere fois d'une source naturelle. 

(•*♦) Substances non encore d^crites pr^c^emment. 
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On aisole, d'autre part, les substances suivantes de Yurine de Vert6br6s: 
le mannitol, le cis-hydroxy-$-tetrahydro-ionol, le p-ethylphinol, le pyro- 
catechol, Vhydroquinone, les acides benzotque, cinnamique, salicylique, m- 
et p-hydroxyhenzoique, etc. (voir au Tableau 4 toutes les substances 
marqufe d'un U, p. 114). 

Quelques unes des .substances de la nourriture sont deposees inchangees, 
d'autres apres hydrolyse d'une liaison glycosidique (piceol p-hydroxy- 
acetophenone] betuloside—^hetuligenol), d’autres apres oxydation (acide 
salicylique—> acide gentisique) ou rMuction (xanthophylles-^Utrahydrc- 
ionols ; acide cinnamique ~ > acide hydrocinnamique ). 

Passons maintenant a une discussion plus detaill^e de la chimie et 
de la biochimie des constituants les plus interessants du castor^um. 

Acetophenone. La presence dans le castoreum d'assez grandes quantit^s 
de cette c6tone qui est assez rare dans le regne vegetal pent s'expliquer 
par un m^canisme d^crit par Dakin (18 ); cet auteur a trouve que Tacide 
hydrocinnamique, administr^ a des Chiens ou des Chats conduit a Tex- 
cr^tion d*acetophenone dans Turine. Le mecanisme de cette reaction 
est probablement le suivant: 


CeHg • CHg • CHa • COOH CeH^ • CHOH • CHg • COOH -> 

-> CeHs-CO-CHa-COOH CeHg-CO'CHg + COg. 


Phdnols volatils. Parmi les phenols volatils du castoreum, le />-ethyl“ 
phenol et le />-propylphenol sont les plus importants; on ne les a jamais 
trouve dans le regne vegetal. Ceci conduit a penser qu'ils sont formes 
dans Torganisme m^me du Castor, par degradation d’autres substances 
phenoliques, dont la principale pourrait etre la tyrosine. Nous allons 
revenir plus tard sur cette question (p. 136). 

BetuligenoL Cette substance est un phenol C10H14O2 (F. 80°), dont 
nous avons etabli la constitution en 1941, independamment de Sosa (ijg) 
qui Tavait isoie comme aglycone du glycoside betuloside, extrait de 
recorce de Bouleau. L'oxydation de Tether monomethylique du betuli- 
genol (LXXXIV) donne Tacide anisique, son oxydation chromique 
fournit une cetone qui s*est averee identique a Tanisyl-i-butanone-3 
synthetique (LXXXV) (75). 


H,CO-<^ \-CH,-CH,-CHOfl-CH, 

(LXXXIV.) ftther monomethylique du betuligenol. 


LXXXV.) Anisyl-i-butanone-a. 


HjCO—P;_CH,-CH,-CO.CH, 


HO- 




-CH* 


CHOH 


CH3 

(LXXXVl.) B4tuligenol. 


8 * 
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Le b^tulig^nol est done le ^-hydroxyphenyl-i-butan-3-ol (LXXXVI). 
Delepine et Sosa {ig) ont decrit le dedoublement du ^?,/-^-methoxy- 
phenyl-i-butanol-3 en ses composants optiquement actifs; Tantipode 
16 vogyre a et6 identifie avec le m^thyl-b^tulig^nol. 

Dihydroxy-2,4 -diphenylmethane. Cette substance (F. 120°) (LXXXVII) 
a 6t6 identifi^e par oxydation chromique m^nagee en 2,4'-diliydroxy- 
benzoph^none (LXXXVIII). On ne Tavait pas encore trouv^e dans 
la nature (75). 

OH OH 

(LXXXVII.) Dihydroxy-2,4'-diph^*nylin^;than^‘. (LXXXVIII.) Dihydroxy-2,4'-brnzoph6non(*. 

Pigments jaunes du castoreuni (6j). Les glandes a parfum du Castor 
contiennent deux nouveaux pigments jaunes qui sont solubles dans le 
carbonate aqueux avec une coulcur jaune intense et que nous avons 
s^par^ par cristallisation fractionnee de leurs acetates incolores. 

Le pigment «I», C13H8O4 (LXXXIX) pent etre obtenu a partir de 
son diacetate incolore (F. 210°) sous forme d'aiguilles jaunes fondant 
au dessus de 360° (avec decomposition). II contient deux hydroxyles 
phenoliques et un groupement lactonique. Par distillation sur poudre 
de zinc on obtient du jluorme, CisHio (XC) , cc qui fixe la structure 
de tout le squelette carbone. La fusion alcaline donne de Vacide m-hydroxy- 
henzoique. Ces resultats, ainsi que la reaction de Griessmayer positive 
(voir ci-dessous) nous ont conduit a formuler Ic pigment «I» comme 
dihydroxy-4,4'-dibenzo-oc-pyronc (LXXXIX). Nous avons rdeemment con- 



(LXXXIX.) Dihydroxy-4,4'-cUbenzo-«-pyTone. (XC.) Fluorine. 

(Pigment I) 

t 



(XCV.) Acide /9-r^rcylique. 


(XCIV.) Pigment II. 
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firme cette formule par synthese d’apres la methodc de Hurtley (51). 
En condensant Tacide hydroxy-3-bromo-6-benzoique (XCI) avec le 
resorcinol en presence de traces dc sulfate de cuivrc comme catalyseur, 
nous avons obtenu un pigment jaune, dont le diacetate, Tether dimethy- 
lique et les deux derives (XCII) et (XCIII) etaient identiques avec les 
substances correspondantes d^rivees du pigment naturel. La meme 
methode pent servir a la synthese de divers analogues du pigment «I» (76). 

Le pigment «II» (XCIV) du castoreum est obtenu par hydrolyse de 
son diac6tate incolore (F. 320°); il se presente sous forme d'aiguilles 
vert-jaun^tre qui ne fondent pas an dessus de 360". Sa formule brute 
est Ci4HeOe et il contient deux hydroxyles phenoliques et deux 
groupements lactoniques. La distillation sur poudre de zinc donne 
6galement du fluorene (XC) et la fusion alcalincTacide/ 5 -resorcylique (XCV). 
Ccs resultats conduisent a la formule (XCIV) pour ce pigment. Une 
formule asymetrique, avec un seiil hydroxyle en 4 n'etait cependant 
pas exclue a priori. Ceci nous a amenes a etudier la reaction de Griess- 
MAYER (jj); cette reaction consiste en une coloration rouge obtenuc 
par chauffage dc Tacide cllagique {XC\’l) et de pigments analogues 

HO^ CO 

HO—,; "'—OH 

\ / \ 

CO—O OH 

(XC\1.) Acide ellagique. 

avec de Tacide nitrique con tenant de Tacide nitreux; la coloration est 
stable apres dilution par Teau. Nous avons trouve que seiils les pigments 
ayant deux hydroxyles libres en position 4,4' donnaient la reaction de 
Griessmayer (jj) ; ceci a egalement confirme avec des d^riv^s synth^* 
tiques du pigment «I», Etant donne que les deux pigments du castoreum 
donnent une reaction positive, le pigment «II» doit bien avoir la 
formule (XCIV). 

Les deux pigments du castoreum .sont de proches parents de Tacide 
ellagique (XCVI), substance tres rc^pandue dans les decrees d'arbres. 
Nous ne savons pas encore si les pigments du castoreum doivent ^tre 
consid 4 r 6 s comme produits de reduction dc Tacide ellagique ou s'ils 
existent deja pr^form^s dans le regne v6g^tal. 

Derivis dHonone. En 1943, nous avons decrit un glycol amorphe 
isol6 du castoreum, pour lequel nous avons propose la formule ^ 12 ^ 24^2 
d'un glycol monocyclique; Toxydation chromique de cette substance 
nous a donn6 une dic6tone (caract^ris^e par sa 645-2,4-dinitroph6nyl- 
hydrazone) (F. 200®) qui donnait la reaction de L^gal caract^ristique 
des m^thylc^tones (67). Au cours des annfes suivantes, notre glycol a 
cristallis6 (F. 100°) et une comparaison de ce glycol, de la dic^toiie et 
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de deux de ses d^riv^s cristallises a finalement montr^ son identity avec 
le melange de diols st^reoisomeres derives de Tionone que Prelog et 
coll. (lor) avaient isol6 de Turine de Jument gravide et dont nous parlerons 
plus en detail ci-dessous (p. 133). II est tres probable que les deux c^to- 
alcools C13H24O2 isomeres que nous avons Isolds du castoreum (6^) 
sont aussi identiques aux d^riv^s correspondants Isolds par Prelog et 
ses collaborateurs (roj). 

Nous avons ici une nouvelle illustration du parallelisme entre les 
constituants de Turine ct ceux du castoreum et une indication sur Timpor- 
tance g6n6rale de ces d^riv^s d’ionone comme produits de degradation 
des xanthophylles {y8). 

Acides du castoreum (62). Ici, Tanalogie entre les constituants du 
castoreum et ceux de Turine des Vertebres est particiilierement frappante; 
dans les deux cas, I'acide benzoique est I'acide preponderant; dans les 
deux cas, nous trouvons les trois acides hydroxy-benzoiqiies. Notons 
cependant Tabsence de Tacide phenylacetique dans le castoreum; il y 
est remplace par I’acide phenylpropionique. 

Vacide gentisique (dihydroxy-2,5-benzoique) qui est un des constituants 
majeurs du castoreum et que Ton n’avait pas encore trouve dans un 
organe animal, est un produit normal de I’oxydation de I’acide salicyliquc 
et se trouve generalement dans Turine apres administration d’acide 
salicyliquc [Kapp et Coburn [58)', Lutwak-Mann (83)]. 

Amines du castoreum (67). La partie basique d’un extrait de castoreum 
contient un melange de bases assez volatiles et malodorantes; la moitie 
de cette fraction est constituee par une base cristallisee, F. 66°, 
(sulfate: F. 216°) que nous avons appeiee castoramine; sa formule est 
C15H23O2N; elle ne contient ni methoxyle, ni hydrogene mobile. 
ScHiNZ, Ruzicka, Geyer et Prelog (jj7) ont recemment isoie une 
base analogue de la glande de muse du chevrotain porte-musc qu’ils 
ont appeiee «muscopyridine», Cette base a la formule CieH25N; malgre 
la similitude des formules de ces deux «alcaloides animaux», les deux 
substances ne semblent pas etre apparentees chimiquement, car la 
castoramine ne donne pas, comme la muscopyridine, le spectre d’absorption 
des derives de pyridine (70). 

7° Suintine. 

La suintine, ou graisse de laine est la substance cireuse excretee 
sur la laine par les glandes sebacees du Mouton. Elle a une odeur 
particuliere et qui est differente suivant les races de Mouton; elle permet 
aux spedalistes de distinguer les differentes sortes de laine. 

La suintine est un melange tres complexe d'esters d*acides gras 
ramifies avec des alcools aliphatiques et cycliques. Nous n'entrerons 
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pas en detail dans sa composition chimique que nous avons expos^e 
ailleurs (80), 

II n'y a pas, a proprement parler, de travaux chimiques sur I’odeur 
de la suintine; elle est probablemcnt due, cn partie, a des acides gras 
libres. A la saponification, on obtient un melange fortement odorant 
d’acides gras tres interessants dont Weitkamp (168) a precis6 la nature. 
Apres distillation fractionn^c des esters methyiiques, il a caract6ris6 
32 acides gras appartenant a quatre series homologucs: i'’Acides a 
chaine normale, 2° acides ^x-hydroxyles, 3“^ acides «iso» ayant un groupe 
m^thyle attache sur Tavant dernier atome de carbone (XCVIl) et 4'^ acides 


H3C—CH— (CH2)2„- COOH 

I 

CH3 

(XCVII.) 


w = 3 ii 1 T . 


H3C—CHo - CH—(CH^lan—COOH 

I » — 2 13. 

CH3 

(XCVllI.) 


«anteiso» dextrogyres, ayant un groupe methyle attache au carbone 
ant 4 p 6 nultieme (XCVIII). Les acides «anteiso» sont ainsi les premiers 
acides gras naturels a nombre impair d’atomes de carbone. Dans la s^rie 
«iso» il y a des repr(5sentants de 10 a 28 atomes de carbone, dans la s6ric 
«antfeo» de 9 a 31 atomes de carbone. Les membres inf6rieurs de ces series 
contribuent fortement a I’odcur des acides isoles de la suintine. 

Weitkamp, Smiljanic et Rothman {i6g) ont trouve recemment 
que la graisse de cheveux d’adultes rontient des acides libres comprenant 
des acides gras satur^s et insatur^s de 7 a 22 atomes de carbone. C'est 
la premiere fois que Ton ait trouve dans une source naturelle des acides 
gras normaux a 7, 9, ii, 13, 15 et 17 atomes de carbone. La double 
liaison des acides insatures est generalement en 6, 7, quelquefois en 8, 9. Ces 
acides gras sont fungicides contre Microsporon andotiini (champignon 
pathogene causani la teigne. Tinea capitis, des enfants et contre laquelle 
les adultes s*averent r^sistants). 

Nous avons recemment insist^ sur Tinteret biochimique dc ces rdsultats 
et avons conclu que la composition particuliere de la graisse de laine 
(presence d'alcools triterp^niques, d’acides ramifi(^s et a nombre impair 
d’atomes de carbone) reflete les capacites synth^tiques des glandes 
s6bac6es, diff^rentes de celles du foie (73). 


8® Yacarol. 

La seule secretion odorante des Vert6br6s mf6rieurs ayant ^tudiee 
plus en detail, est celle des Alligators d’Amerique du Sud {Alligator sclerop$ 
et A. lafirostris), Ces animaux ont quatre paires de «glandes k musc,>^ 
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qui sont utilis^es par les indigenes comme source de parfum, comme 
celles du Crocodile d'Egypte. 

Une paire de glandes se trouve pres des yeux, une autre sous la 
m^choire inf^rieure, une troisieme sur les pattes de devant et la quatrieme, 
la plus importante, pres des glandes sexuelles. Ces dernieres p^sent de 
4 a 35 g. par animal et contiennent une huile jaune de laquelle Fester 
et BilRTUZZI (24) ont isol6 les substances suivantes: les acides tsovaldrique, 
myristique et palmitique, du cholestdrol, de Yalcool cdtylique et une substance 
liquide a odour douce et rosee qu*ils ont appei6e yacarol (d’apres yacare: 
alligator en espagnol). L’extrait ^ther^ des glandes contient 80% d’acides 
gras et 20% d’insaponifiable, dont un cinquieme de yacarol. 

Constitution du yacarol. L'oxydation du yacarol a donne de Vacetone 
et de Yacide levulique, cc qui a conduit les auteurs a attribuer a cette 

CHo-X=:=CH~CH2---CH2—CH—CH.OH 

I 1 

CH3 CH3 

(IC.) Dim6thyl-2,6-hepttoe-2-ol-7. 

substance la structure d’un dim4thyl”2,6-heptene-2-ol-7 (IC). Mais 
Fester et Pucci (27) ont ensuite trouv6 que le yacarol est different de 
ce corps, obtenu par synthese. Fester, Bertuzzi et Pucci (26) ont 
enfin montr^ que le yacarol n'est pas un corps homogene; la partic 
principale on est le d-citroncllol (C), identifie par trois derives cristallisds 

CH3~-C=CH -CHg- CHa-CH- CHg—CHaOH 

I I 

CH3 CH3 

(C.) Citronellol. 

avec un produit authentique; les t^tes de distillation contiennent pent- 
^tre un alcool satur^ CgHj^OH. Ils pensetit que le yacarol provient de 
Toxydation d'une chaine lat^rale d'un sterol. Cette hypothese parait 
int^ressante, mais il faudrait aussi tenir compte de la possibility de Torigine 
alimentaire du ti-citronellol. 

II. Concretions intestinales. 

1° Ambrc gris. 

L*ambre gris est une concrytion intestinale du Cachalot {Physeter 
macrocephalus L.), (Fig. 9) dont les conditions de formation sont encore trys 
peu connues. L’ambre gris trouvy dans Tintestin du Cachalot se prysente 
sous forme dramas foncys, presque noirs, de taille trys variable et pouvant 
atteindre 100 kgs. Leur odeur est plus ou moins caractyristique, fycale 
et animale, avec des notes de tabac, de marais et de muse. Apres la mort 
des animaux, les morceaux d'ambre gris flottent k la surface de la mer> 
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le soleil les blanchit et leur odeur s'affine. C’est a cet etat que Tambre 
gris est le plus appreci^ en parfumerie, a la fois pour son odeur et son 
pouvoir fixateur. 


Composition chimiqne do Vamhrc gris. 

Jusqu en 1946, nos connaissanccs sur la composition de Tambre gris 
^talent assez maigres. Des auteurs anciens [Pellktier et Caventou (94), 
Riban (J07)] puis, plus rc^remment Suzuki (262), avaient isolc une 
substance cristallisee appek% amhreinc et ressemblant d'assez pres au 



Fig. 9. Cachalot (Physder macrocepJialus, Sperm whale, Pottwal). 


cholesterol. Isiguro et Watanabe (52) y ont trouve de Tacide arachidique 
et de Ydpicoprosterol. Janistyn (55) a 6tudie de pres les sterols de Tambre 
gris et y a constate aussi la presence de coprosterol. Okahara (gj) a 
d^crit Tisolement d*une porphyrine et Sandulesco et Sabetay {135) 
mentionnent Tisolement d'une partie cetonique odorante. 

Prisiane. Dans une premiere note sur Tambre gris, nous avons 
d^crit (66) I’isolement d'une paraffine liquide qui fait environ 4% 
de Tambre gris. Cette substance est, d'apres toutes ses proprietes phy¬ 
siques et chimiques, identique au prisiane que Tsujimoto (163) et 
d'autres auteurs japonais (163) avaient trouv6 dans des foies de Requins 
et d'autres huiles de Poissons et pour lequel la formulc semblait 

la plus probable. Le pristane de Tambre gris pourrait done simplement 
provenir de la nourriture du Cachalot. 

R^cemment, Sorensen et Mehlum (13^0) ont trouve quo les 
propri^tds physiques du pristane etaient plut6t en accord avec celles 
d'une nonadecane C10H4Q. La synthese des huit monom^thyl-octad^canes 
(i3Sa) fondant entre —16,5® ct 13,2° a m'ontr6 que le pristane (F. 
—100®) devait ^tre plus ramifi6. S5rensen et Sorensen (1386) ont 
finalement identifii le pristane avec le nor-phytane (C10H4O, t^tram^thyl- 
2, 6, 10, 14-pentad^cane) obtenu par synthese a partir du phytol. 
Cette identit^ vient d'toe confirmee par la mesure des spectres infra- 
rouges (Pliva, sous presse). 

SSrensen et Sorensen (1386) pensent que le pristane ==nor- 
phytane se forme par action enz5miatique (des bact^ries intestinales?) 
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k partir du phytol, par decarboxylation de I’acide correspondant et 
hydrogenation ou par decarboxylation de Tacide satnre. 


CHg • CH • CHgCHgCHo • CH • CHjCHgCHoCH • CHgCHgCHg • C=^CH • CHgOH phytol 

I " i ‘I I 

CHj CHj CHj CH, 

CH. • CH • CH.C H.CH. • CH • CH.CH.CH, • CH • CH.CH,CH»C=CH, za mfene 

I I I I 

CHj CHj CH, CH, 

CHj • CH • CHjCHjCHj • CH • CHjCHjCH,- CH • CH.CH jCH^C H • CH, nf)rphytane= 
III! —pristane 

CH, CH, CH, CH, 


L*hydrocarbure insature C19H38, appeie zamene, accompagne le 
pristane dans les huiles de Poissons {163, 138 h) 

Sterols de Vamhre gris. Nous avons confirme les resultats de Suzuki (162) 
ainsi que de Janistyn (33) sur la presence, dans Fambre gris, de copro¬ 
sterol (Clllb) et d epicoprosterol (Cilia). En traitant I’insaponifiable 
d*ambre gris avec le reactif T de Girard et Sandulesco (30), nous avons 
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I i I 
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(CI.) Cholesterol. (CII.) Cholest^none-4-one-3. (CIII.) Coprostanone-3. (CIV.) 
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(CIII a.) itpicoprostcrol. 
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(CIII b.) Coprost6rol. 


isoie une cetone cristallisee que nous avons identifiee avec la copro¬ 
stanone-3 (CVI). C’est la premiere fois que cette substance a ete isoiee 
d’une source naturelle (71). Sa presence dans I’ambre gris, a c6te de 
repicoprosterol et du coprosterol est une nouvelle preuve de Texactitude 
de la theorie de Rosenheim et Starling {108, log a) et de Schoenheimer et 
Rittenberg {138) sur la formation du coprosterol a partir du cholesterol, 
D'apres cette theorie, le cholesterol (CI) est d'abord oxyde en cholestene- 
4-one-3 (CII) qui est ensuite reduite en coprostanone-3 (CIII). La re¬ 
duction de cette cetone donne les deux alcools epimeres (Cilia et Clllb). 
Recemment, Rosenheim et Webster {xog) ont isoie la cetone (CIII) 
des feces de Chiens et de Rats; Marker, Wittbecker, Wagner et 
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Turner (<^5) ont trouv6 Tepicoprosterol (Clllb) dans les feces de Chiens. 
La coprostanone-3 (CIII) a ete ie dernier interm^diaire non encore isol6. 

L'acide dicarboxylique (CIV), F. 245^ qiie Windaus (173) 

avail obtenu par oxydation chromique de la coprostanone-3 sc trouve 
^galement dans Tambre gris. Etant donn6 le memoire de Turfitt (164) 
sur Toxydation microbienne dc steroides, il est assez probable que cet 
acide se forme dans Tintestin du Cachalot par oxydation microbienne 
de la coprostanone-3. 

Le Tableau 5 indique les pourcentages approximatifs des constituants 
principaux de Tambre gris. 


Tableau 5. Constituants dc Tambre gris (72). 


Insoluble dans Tether. 

Pristane. 

Ambreine. 

Epicoprosterol, libre et esterifie. 

Coprosterol. 

Cholesterol. 

Cctones, dont plus de 50% de coprostanone-^ 

Acides libres. 

Acides esterifi(!;s. 


10—16% 

^ 4 /o 

25 - 45% 

30 40% 

1-5% 

moins de o,i‘/n 


5 - 


Ambreine. 

Cette substance, la plus interessante de Tambre gris, a et6 deja 
isolee en 1820 par Pelletier et Caventou (94), Ils Tont decrite 
comme substance cireuse incolore fortement odorante fondant a 36®. 
Riban (J07) Ta purifiee et a propose la formule C23H40O. Suzuki (162) 
Ta enfin obtenue a T^tat pur (F. 83*^, Md = +20,5°; alco'ol) et lui 
a attribu6 la formule C20H44O. La formule brute exacte et la consti¬ 
tution chimique de I’ambreine sont resides inconnues jusqu'en 1946. 
Gr^ce a des travaux sortis du laboratoire dc Ruzicka et du n6tre, la 
astrucure de Tambr^ine a 6 te rapidement 6claircie jusque dans les moindres 
details. 

L’ambreinc (CV) est un triterpenc tricyclique de formule C30H52O 
contenant deux doubles liaisons et un hydroxyle tertiaire (118, 71). C est 
ainsi le premier triterpene tricyclique connu et un repr^sentant de la 
petite classe des triterp^nes du regne animalr dont les autres sont: le 
squaUne CaoHgo aliphatique, du foie des Squalid^s, et les quatre 
alcools triterp^niques, t^tracycliques de la graisse de laine: lano- 
sterol CgoHgoO, dihydrolanosterol C30H52O, agnosterol et dihydro- 

agnosUrol C30H50O {122). 

Hydrogenation et deshydratation de Vamhriine. L'ambr^ine peut ^tre 
hydrog^n^e en t^trahydroambr^ine, C3OH50O, ce qui indique la presence 
dc deux double.s liaisons; Fambr^ine et la t^trahydroambr^ine sont 
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facilement deshydratees par Ebullition avec Tanhydride acetique ou 
Tacide formique. L'hydroxyle de TambrEine est ainsi caractErisE comme 
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X/\ 
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(CXXVIII.) 

(CXXIX.) 
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(CXIII.) 
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tertiaire. On ne connait aucun ester de cet hydroxyle. La nouvclle double 
liaison formee par deshydratation n’est pas hydrogenable. La tetrahydro- 
ambr^ine CgoHggO et rambratriene C30H50 (CVI) sont hiiileux; ce 
dernier peut etre caracteris<^ par son trichlorhydrate, F. 143(71, 118), 

Oxydation de Vambriine, L'oxydation de Tambr^ine (CV) par le 
permanganate ou Lacide chromique coupe la molecule en deux parties au 
niveau d’une des doubles liaisons; on obtient ainsi une lactone C17H280, 
bicyclique saturee, appelee ambrcMnolide, (CVII) et une cetone C13H22O 
monocycliquc ayant une double liaison (CVIIl) {yi). Ruzicka et Lar- 
DON {118) ont montre que cette cetone donne du formol a Tozonisation 
(comme aussi I’ambr^ine) ce qui montre qu'il y a une double liaison 
exocyclique, sous forme d’un groupement nu^thylenique. Le reste de la 
molecule est isol4 sous forme d'une dic^tone C12H20O2 (CIX); cette 
meme dic6tone est aussi obtenue au cours de Toxydation de Tambr^ine 
par le permanganate (71). 

Dihydro-y 4 onone. L*hydrog6nation catalytique de la c6tone C13H22O 
(CVIII) ayant donne de la tetrahydro-ionone (CX), la structure doit 
etre celle d'une dihydro-y-iononc (CVIII) {118), File a une odeur ambree 
tres prononc6e et se trouve aussi dans les parties volatiles de Vambre 
gris (126). 

La synthese de la dihydro-y-ionone vient d’etre accomplie par Ruzicka, 
Buchi et Jeger (114) a partir de la dihydro>^x-ionone. Par addition 
d’acide chlorhydrique a celle>ci on obtient un chlorure assez instable, 
ayant probablement la structure (CXI). En d^chlorurant cette substance 
avec du stearate d’argent dans le xylene bouillant, les auteurs suisses 
ont obtenu un melange de (CVIII) et de dihydro-a-ionone qu’ils ont 
pu s6parer par cristallisation fractionn^e ou par chromatographic des semi- 
carbazones. 

La dic^tone C12H20O2 (CIX) a 6te cyclis6e par Ruzicka et Lar- 
DON {118) en une hydroxy-c^tone bicyclique Ci2H2oOa (CXII); cette 
substance se deshydrate en solution acide en une cetone insatur^e CuHigO 
(CXIII) (Amax 243 log e = 4,2), la zl®'i®-dim^thyl-i,i-octalone-6 dont 
la S5mthfee a 6i6 effectu6e par Buchi, Jeger et Ruzicka (j2 ). 

Structure de Vamhriinolide (CVII). La premiere formule de I’ambreino- 
lide, propos6e par Ruzicka et Lardon {118) 6tait celle d'une y-lactone 
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de structure (CVIIa); notre premiere formule (CVIIb) n'en diff^rait 
que par la position d'un groupe m^thyle [yi). 

La deshydrog^nation dc I'ambreine ou de rambreinolide par le 
selenium donne le trim6thyl-i,5,6-naphtal^ne (CXIV) et le dim^thyl-i,6- 
naphtalene {ii8)\ celle par le palladium sur charbon nous a donn6 le 
t^tram^thyl-i,2,5,6-naphtalene (CXV) {yi). Ce rdsiiltat a induit Ruzicka 
et Lardon { ii 8 ) a changer la formule de rambreinolide de (CVIIa) 
en (CVIIc), pour tenir compte du fait queletetramethyl-i,2,5,6-naphtalene 
avait jusque la 6te obtenu seulement a partir de triterpenes hydroxyles 
en 2, ou sa formation pouvait etre le r^sultat d’une transposition retro- 
pinacolique. L'ambr^ine n'ayant pas d'hydroxyle en 2, ne pourrait 
donner le tetramdthyl-i,2,5,6-naphtalene qu'a condition d'avoir ses 
groupes m^thyles comme dans (CVIIc, p. 124). 

Nous avons ensuite montre que cette conclusion n^etait pas 
justifi^e, car notre catalyseur donnait le memo t^tram^thyl-naphtalene 
(CXV) aussi a partir du tetracyclosqualene (CXVI) et du diterpene 
sclar^ol (CXVII), substances ayant les deux groupemcnts methyls 
g^minaux (7^). Notre catalyseur (15% de Pd sur charbon vegetal, au 
lieu du charbon animal employ^ d'habitude) avait done bien la capacite 
de faire migrer Tun de ces groupes m^thyles. II n’y avait plus d'objection 
a formuler rambreinolide et rambr^inc d'apres (CVII) et (CV) et de 
les faire d^river ainsi du tricyclosqualene hypoth^tique (CXVIII), comme 
nous ravions fait deja dans notre premier m^moire sur I'ambr^ne (71). 
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Entre temps, Ruzicka, Durst et Jeger (715) avaient reussi a 6tablir 
une importantc liaison entre Tambr^ine et les diterpdnes des plantes, 
En d^gradant, d^apres Wirland, Schlichting et Jakobi (J70), 
Tacide C17H30O2 (CXX) obterui par Ruzicka et Lardon {118) a partir 
de rambreinolide (via Tacide insature CXIX), ils ont prepare 
I'acide C16H28O2 (CXXI) qui s’est aver6 etre identique a Tacide obtenu 
par Hosking et Brandt (^7) a partir du dilcrpenc manool (CXXII). 
Ceci prouvait que les parties bicycliques de I’ambreine et du manool 
^taient identiques. Comme, d’autre part, Ic manool (du bois de Dacrydium 
biformae) et le sclareol (de Salvia sclarea) donncnt le meme trichlorhydrate, 
cette identite s*etend aussi au sclareol (CXVII). 

En isolant des produits d’oxydation dc I’ambreine une lactone C13H26O2 
(F. 121°) (CXXV), identicjue a une lactone obtenue par Ruzicka et 
Janot [iiy) [voir aussi Ruzicka, Seidel et Engel {125)] a partir du 
sclareol (CXVII), nous avons prouve que Thydroxyle de Tambreine 
se trouve bien au meine carbone que Tun des hydroxyles du sclareol. 
L’ambreinolide est done une ^-lactone (CVII) et non une y-lactone 
(comme dans CVII a, b et c, p. 124). 

Jeger, Durst et Buchi (55) ont ensuite transform(^ le manool (CXXII) 
en un produit de degradation de Vacide abietique (CXXVI), prouvant 
ainsi que les parties bicycliques de ces corps sont identiques et fixant, 
en particulier, remplaccment du dernier methyle du manool et du sclareol 
qui n'avait pas encore pu etre precise. (Marque d’un * dans les formules 
CXVII et CXXII.) Etant donne Tidentite de structure des parties 
bicycliques du groupe sclareol-manool avec celle de Tambreine, la structure 
exacte de ce dernier etait ainsi connue et Tambreine est le premier tri- 
terpene cyclique dont tons les details de structure soient eiucides (56). 

Dans un memoire recent, Collin-Asselineau, Lederer, Mercier et 
Polonsky (j6) decrivent la preparation et les proprietes de quelques 
produits d'oxydation et de degradation de Tambreine: 

Un hexol F. 200°, obtenu par hydroxylation cie I'ambratri^ne (CVI) 

par OSO4 (analogue au pentol F. 203°, obtenu par Ruzicka, DOrst et 

Jeger (zJ5) par un traiteinent analogue de I’ambreine; 

un hydroxy-oxyde CjQHggOg' ^43°» formd au cours de I'oxydation chromique 
de I’ambreine; 

un trioxyde Cg^LIggOj, F. 178°, present dans lea eaux-m^res de la substance 
pr^c^dente; 

trois lactones isomires, F. 143°, F. 96", la troisieme liquide, obtenues 

par traitement de I’ambr^inolide (CVII) par I'acide sulfurique k 80%, k des 
temperatures de 20°, 60^ et 90°; 

quatre diols (CXXVI b), F. 133°, F. 93 ®» Sq"*, le quatrieme huileux, 

obtenus par reduction de I'ambreinolide et de ses isomeres par LiAlH4. 

Dans ce memoire, nous decrivons egalement une hydroxy-aldehyde C17H30O2, 
F. 192® (CXXIII) qui se trouve aussi dans les parties volatiles de I’ambre gris; 
elle pent etre oxydee par CrO^ en ambreinolide (CVII) et reduite par LiAlH4 en 
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le cliol F. 133® (CXXVla). ]/hyclroxyald^hydc (CXXIIJ) peut 6tre deshydrat^e 
en un oxyde insatur^ CjyHggO, F. 85° (CXXIV). Dans un m^moire ant^rieur (7^) 
nous avions, par erreur, attribii^ k cos deux substances dcs formules k 16 atomes 
de carbone. 

Rapport de Vamhreine avec les triterpenes et diterpenes des Plantes. En 
fractionnant les produits d’oxydation de Tambreine, nous avons isol^ un 
hydroxy-acide CigHgeOg, F. 182° qui devait avoir la formule (CXXVII); sa 
deshydratation a donne I'acide insature CJ5H24O2, F. 95® (CXXVIII) dont 
la double liaison n'est pas en conjugaison avec le carboxyle (pas de 
bande d’absorption correspondante). L'hydrog^nation de cet acide a 
donne un acide satur6 CigHgeOg. F. 135® (CXXIX) qui s'est av6re 
etrc identique avec un acide isold a Zurich par reduction d'apres Wolff- 
Kishner de I’acide cetonique (CXXXII), obtcnu lui-meme apres pyrolyse 
d’un produitde degradation (CXXXl) de I’acide oleanolique (CXXX), acide 
triterp^nique le plus r^pandu des Plantes, appartenant au groupe de la 
jS-amyrine (116). Meisels, Jeger et Ruzicka {8y) viennent d’isoler le 
meme acide aussi a partir de r«;-amyrine. Ceci montre que la partie 
bicyclique de I'ambr^ine a la meme structure et meme configuration 
que la partie correspondante des triterpenes du groupe des amyrines 
et a permis de relier entrc eux, par l’interm6diaire de I’ambrt^ine, les 
triterpenes pentacycliques du groupe des amyrines, avec les diterpenes 
bi- et tri-cycliques mentionn^s plus haut. 


BiosynMse de Vamhreine et formation de Vamhre gris. 

Nous ne savons rien encore sur Forigine biochimique de I'ambr^ine; une 
formation par cyclisation ethydratationdusqualene serait ^videmment a en- 
visager, mais des essais in vitro ont 6chou6. II est probable que la presence 
d’ambr^ine et la formation de la concretion intestinale qu’est I’ambre gris 
sont en rapport, direct ou indirect avec la nourriture du Cachalot. Seul 
parmi les Baleincs, le Cachalot a des dents et se nourrit d’animaux de 
mer de taille plus importante, parmi lesquels des C^phalopodes prendraient 
une place preponderantc. On trouve, en effet, dans presque tous les 
morceaux d’ambre gris des bees tres pointus de Cephalopodes. Nous 
avons discute, avec Tixier (79), le role que pourraient jouer ces bees 
dans la formation de I’ambre gris. Okahara (gj) avait isole une por- 
phyrine de I’ambre gris qu’il avait appel6e «ambraporphyrine». Nous 
avons montr6 qu’il s’agissait simplement d’un melange de proto- et 
m^soporphyrine, facile s6parer par chromatographie. Or, il est connu 
que de tels melanges se trouvent dans les excrements de Vert^br6s apres 
h^morrhagies dans I’intestin. L’h^moglobine est d^grad^e par les Bact^ries 
intestinales en protoporphyrine, dont une partie est r^duite en m^so- 
porphyrine. La presence de bees de Cephalopodes tres pointus et de ce 
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melange de deux porphyrines est done une assez forte indication quo 
la formation d’ambre gris est due a un processus pathologique. 

Quant a Torigine des matieres odorantes meines de Tambre gris, 
nous avons vu que des produits d'oxydation dc rambnjine (dihydro-y- 
ionone CVIII, peut-^tre aussi la dicetone CIX) en font partie; une partie 
des substances odorantes pourrait provenir de la nourriture, etant donne 
que le Cephalopode Elledone moschata a lui-meme une glande a parfuni et 
se trouve dans la nourriture du Cachalot. La persistance de I’odeur 
des extraits d’ambre gris pourrait ^tre due a une lente aiitoxydation 
de I'ambreine catalys6e peut-etre par le cuivre present dans I’ambre 
gris et provenant de rhemocyanine des C^phalopodes de la nourriture 
du Cachalot (70). 

Essais synthdtiques dans la serie de Vamhreine. 

Synthese de Vambratriene. La deshydratation de I’ambreine conduit 
a I’ambratriene, hydrocarbure tricyclique a trois doubles liaisons (CVl). 
Durst, Jeger et Ruzicka {20) viennent d’en faire une synthese partielle 
en condensant le magnesien du bromure (CXXXIIl) (deprive de I'acidc 



(CXXXIII.) (CXXXIV.) (CXXXV.) (CXXXVI.) (CXXXVII.) 

Isomdre d'ambr^ine. 


insature CXIX par reduction par LiAlH4 en alcool et bromuration de 
celui-ci) avec la dihydro-y-ionone (CVIII). L’alcool (CXXXIV) ainsi 
obtenu, isomere de I'ambreine, a ^t^ deshydrate en ambratriene (CVI). 

La position de la double liaison dans le noyau B de I'ambratriene (CVI) 
et dans I’acide Ci7H2802 (CXIX) n’est pas encore prouv^e sans Equi¬ 
voque; Durst, Jeger et Ruzicka (20) lui attribuent celle indiquee dans 
les formules (CVI et CXIX) et promettent d'en foumir la preuve dans une 
prochaine comm unication. 

Synthhes du sysUme hicyclique de Vamhriine, La premiere synthese 
du systEme bicyclique de I'ambrEine (derivE de la tEtramEthyl-1,1,6,10- 
dEcaline) a EtE effectuE par Batty, Heilbron et Jones (2) par cyclisation 
de la ^-ionylidEne-acetaldEhyde (CXXXV), produit de condensation du 
citral avec I'aldEhyde /J-mEthyl-crotonique. Ils ont ainsi obtenu une 
aldEhyde a deux doubles liaisons ayant la formule (CXXXVI). 
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L'oxydation argentique de cette aldehyde nous a donne un acide, 
F. 170° (CXXXVII) dont Thydrog^nation a donne un acide* F. 145°, 


st^r^oisomcTe de Facide naturel (CXXIX) {16 a). 
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CHO 

(CXXXVIII.) 
r arnesylicEne-ac^tonc. 

(CXXXIX.) Biryclo- 
fariK^sylid^'iif-acetoiie. 

(CX L.) Irainethyl- {1,1,6,10)- 

(oxo* 3'-bu t yl) - 5 -d0(-aline. 

(CXLl.) Farn<i.saL 


ZoBRiST et ScHiNZ (277) ainsi quo Naves (92) ont obtenu la bicyclo- 
farnesylidene-acetone (CXXXTX) par cyclisation de la farnesylidene- 
acdtonc (CXXXVIII). Lc produit cyclique est un melange de formes oc 
et /S. Par hydrogenation il donne la tc^tramethyl (i,i,6,io)-(oxo-3'-butyl)- 
5-decaline (CXL). 

Stoll et Commarmont (254) viennent de decrire la cyclisation du 
farn^sal (CXLI) cn ^x-bicyclo-famesal (CXLII) par Facide phosphorique 
et en j^-bicyclo-farnesal (CXLIII) par Facide sulfuriquc. La reduction 
de ce dernier par le LiAlH4 donne le ^“bicyclo-farn6sol (CXLI\^). L'odeur 
de la premiere aldehyde (CXLII) est camphr^e, celle de son isomere ^ a 
une note de bois de cedre. L’odeur de Falcool (CXLIV) 6tait encore 
plus faible que celle de Faldehyde correspondante. 
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(CXLII.) «-Bi- 
cydo-fann^sal. 

(CXLIII.) 

cyclo-farnesal. 

(CXLIV.) /#-Bi- 
cycIo-fam(^ol. 

(CXLIV a.) Acide 
farnilfsique. 

(CXLIV b.) 
flcBicyclo-famesol. 


La cyclisation de Facide fam&ique (CXLIV a) en un melange de deux 
acides bicyclo-fam^siques (CXXVIII) vicnt d’etre d6crite par Caliezi et 
ScHiNZ (rj b), L'lm de ces acides est cristallise (F. 131®), Fautre liquide; 
ils paraissent ^tre des st6r6oisomeres de Facide F. 95° (CXXVIII) obtenu 
partir de Fambr^ine {116), La reduction de Facide F. 131° par LiAlH4 
donne un-^)t-bicyclo-fam^sol F. 65° (CXLIVb), celle de Facide liquide donne 
un alcool liquide. Ces deux alcools ont une odeur de bois de cedre. 

R6cemment, nous avons pr^par^ des acides st 4 r 6 oisomeresde (CXXVII) 
et de (CXXIX) en cyclysant par Facide phosphorique des acides mono- 
cycliques monoinsatur^s obtenus par condensation des dihydro-^t- et 
dihydro-jS-ionones avec le bromac6tate d’ithyle, d’apres REFORMATZKr 
(26a). 
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2 ° Bezoards. 

Les bezoards sont des concretions de Testomac de Ruminants; on 
les appelle aussi ^gagropiles (du grec: aigagros Chevre sauvage et 
pilos = feutre, laine pressee); ce sont des formations dures, Rgeres, 
spheriques ou ovoides, constituecs dc poils enchevetr^s et de substances 
organiques d'origine alimentaire. On les trouve surtout chez les animaux 
sauvages et rarement chez des animaux domesticju^s ou tenus cn captivite. 

Salgues (1J4) a consacre un article detaille aux bezoards des 
Ruminants et a ceux des Poissons. D’apres cet auteur «a Tetat frais, 
et sensiblement durant les deux annecs cjui suivent leur elimination 
par voie necropsique, tons les bezoards, apies sectioti, presen tent unc 
odeur trcs speciale dc muse. II est facile de caracteriser et de doser les 
amides; indol et scatol, apres isolement, par leiirs points de fusion et 
d’ebullition, pour le second de ces corps j^ar son chlorhydrate et sa 
combinaison avec I’acidc picrique. Mais c*est surtout la presence d'unc 
cetone cyclique, la muscone, qiii donne* a ces concretions leur veritable 
relief.» 

«Caract6ris6e par son oxime et sa scmicarbazone, nous avons trouve cutte cetone, 
avec un pourcentage cle: egagropilcs do chevre 0,56 a 0,91; bouc|uctin 0,76; chamois 
0,38; girafe 0,17; Addax 0,38; Gazclla 0,52; Bubalis o.HO; ('erf 0,74; Capreolus 0,86.» 

Les constituants des concretions de Poissons comprendraient, d'apres 
Salgues {134)'. I’indol et le scatol, une cetone odorante, des stdroides 
odorants, du ^-cresol, unc substance aromatique non phenolique dc 
formule CjoHigO, isornere du camphre et, enfin des acides benzoique 
et /)-hydroxybenzoique. 

II serait int^ressant dc verifier les donnees de Salgues presentees 
sans details experiment aux. 

III. Substances odorantes de Turine de Vert6bres. 

La plupart dcs substances odorantes normalement excret^es par 
Turine des Vert^br^s, est conjugu^e sous une forme ou une autre [voir 
a cc sujet Williams {172)]. Des fermentations ou Thydrolysc chimique 
les liberent. Quatre groupes de substances chimiques odorantes ont 
^te recemfnent 6tudiees plus en detail: des substances deriv^es de Tionone, 
les phenols, les acides et les steroides. 

1° Derives de Tionone. 

a) De rurine de Lapin. 

L^^tude de Fischer et Bielig (28) sur les transformations de Tionone 
dans Torganisme animal, montre Tint^ret que peut presenter la synthese 
biologique de substances odorantes. Ayant administre a des Lapins 
de Tionone ces auteurs ont isoR de Turine les substances suivajites, 
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dont certaincs n'avaient pas encore et^ obtenues par voie de synthese 
chimique: Tionol-^ (CXLV), le dihydro-ionol-jS (CXLVI), Thydroxy- 
ionone-^ (CXLVII), Thydroxy-ionol-^ (CXLVIIT), Thydroxy-dibydro- 
ionone-/S (CXLIX) et rhydroxy-dihydro-ionol-^ (CL). 


\ y 
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(CXLV.) lonol-)?. (CXLVI.) 

Dihydro-i onol-/?. 


(CXLVII.) Hydroxy-ionone-;?. 


(CXLVIII.) Hydroxy-ionol«;S. 
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(CXLIX.) 

H ydrox y-dihydro-ionone-/?. 


(CL.) 

H ydroxy-dihydro-ionol-/3. 


(CLIl.) 


Ces quatre dernieres substances porteraient leur oxhydryle sur un 
des groupes m^thyles du noyau d'ionone; les auteuisn'ont paspupr6ciser 
ce point davantage; de plus, il nous semble que la structure des corps 
Isolds n*a pas elucid^e de fagon suffisamment certaine. 

Ces corps se pr^sentent sous forme d’huiles tres visqueuscs, a odeur 
de bois de c^dre. Fischer et Bielig (28) pensent qu’une partie des 
derives hydroxyl6s est oxydee in vivo en aldehyde et finalement en acide. 


b) De Vurine de Jument gravide, 

En fractionnant la partie neutre d'un extrait d'urine de Jument 
gravide Prelog et Fuhrer (99) isolerent, entre autres, deux substances 
k 13 atomes de carbone, une cetone insatur^e CiaHigO (F. 94,5°) et 
un alcool C13H20O (F. 90,5°), ce dernier pr^sentant le spectre d'ab- 
sorption des benzenes polysubstitu^s. La constitution de I'alcool (CLI) 
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(CLT.) 


(CLIa.) Trim^thyl- 
2'»3'i6'*ph^yl“*‘'>utanoiJye-3. 


a ^tablie par Prelog, Fuhrer, Hagenbach et Frick (zoo). L’oxy- 
dation chromique de I’alcool donne une c6tone liquide C,gHigO dans 
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laqiielle la presence d’un groupement —COCH3 est indiqu^e par la reaction 
au iodoforme. Ayant synth^tise quelques cetones isomeres, d6rivees 
de benzenes alcoyles, les auteurs constatercnt, d'apres les spectres d’ab- 
sorption, que le groupement cetonique ne devait pas ^tre en position 
du noyau benz^nique. La (trimethyl-2',3',6'-phenyl)-i>butanone-3 (CLIa) 
synthetique s’est finalement trouvde etre identic] iie a la cetone obtenue par 
oxydation chromicpie de I’alcoc^l naturel. Celui-ci est done le (—)-(trimethyl- 
2,3,6)-phenyl -i-butanol-3 (CLI). 

L’isolement de la cetone insaturee correspond ante (CLII) a 
rapporte par Prelog. Fuhrer, Hagknbach et Schneider (ioj). Ces 
deux substances peuvent etre derivees de I’ionone par migration d'un 
groupe mc^thyle, accompagnee d’aromatisation du noyau. De telles 
reactions peuvent etre accomplies assez facilement, comme Tout montr^ 
Buchi, Seitz et Jeger {13) en isolant la (trimethyl-2',3',b'-phenyl)- 
i-butanone-3 (CLIa) des produits de d^bromuration d'un bromure 
d'ionone p. 

Prelog et coll. (loi) ont en outre decrit Tisolement, a partir d'urine 
de Jument gravide, des d^riv6s d'ionone suivants: 
deux diols isomeres (J et B) (CLV), 

une c6tone ^ 13 ^ 22^2 (^)» 

deux dic^tones isomeres C13H22O2 (D et F) (CLI 11 ), 
deux oxyc^tones isomeres C13H24O2 (F et G) (CLVI). 

Les deux diols ^ et ainsi que les oxycc^tones E et G ont pu etre 
transformes en la dic^tone D (CLIII), par oxydation chromique. II 
s’agit done de substances ayant le meme squelette carbon6 et les deux 
atomes d'oxygenes fix^s sur les memes a tomes de carbone. Elies sont 
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toutes saturees, done monocycliques. La reduction d'apres WoLFF- 
Kishner dc la dicetone D (CLIII) a donnd un hydrocarbure liquide C13H20 
qui a ete identifi6 par son spectre infrarouge avec le czs-tetrahydro- 
ionane (CLIV). [Pour la preparation et les proprietes des deux t^tra- 
hydro-ionanes, voir Prelog ct Frick {9^).] 

La dicetone D donne la reaction d*iodoforme et une reaction coloree 
des m6thyl-cetones. II s’ensuit que Tun des oxygenes des substances A, 
13 , D, /: et G a la meme position que dans les ionones. La dicetone D 
est, dc ce fait, une ceto-c^’s-tetrahydro-ionone. Les deux diols (CLV) 
sont deux des quatre hydroxy-c/s-t^trahydro-ionols ster6oisomeres 
correspondants. Les deux hydroxy-c6tones ne donnent pas la reaction 
color^e des methylc(^tones; elles seraient done des ceto-as-tetrahydro- 
ionols (CLVI). La c^tone C est probablement une epoxycetone do la 
meme serie. Elle donne, apres ebullition avec de la dinitrophenylhydrazine 
dans THCl, la meme dinitrophenylhydrazone que la dicetone D, 

La position en 5 du 2eme carbonyle de la dicetone D (CLIII) vient 
d’etre prouv^e par Prelog et Schneider (105). La dicetone D a ^t^ 
condensee avec Ic magn^sien de bromobcnzenc ct le produit de reac¬ 
tion (CLVII) deshydrog^ne par le selenium. L’oxydation du produit 
de deshydrog^nation (CLVIII) par le permanganate a donn6 un acide, 
F. 230°, qui a 6 i6 identifi^ par synthese avec I’acidc diph6nyl-3,4,5- 
tricarboxylique (CLIX). 
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II est done prouve que les derives d'ionone isoles par Prelog et 
ses collaborateurs portent leur deuxi^me oxygene a la meme place que 
les xanthophylles, II est tout naturel de penser qu’ils sont effectivement 
des produits de degradation de ces pigments naturels. Nous avons d^j^ 
mentionne plus haut (p. 117) que le castor^um contient egalement 
plusieurs des derives d’ionone cites ci-dessus. 
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Acide diphtoyl-3,4,5*triGarboxylique. 
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Prelog et Vaterlaus [106) viennent d'eclaircir la constitution 
chimique dc la cetone insature^ QsHisO, F. 94,5° (CLX), d^crite 
prec6demment (99). Lc spectre d^absorption de cette cetone montre 
la presence du systeme —C-- - C—O (bande d'absorption a 293 m/i, 

log e ™ 4,5). La reduction catalytique donne la t^tra]iydroc6tone (CLXI) 
qui est re^duite en hydrocarbure (CLXII) par reduction d'apres Wolff- 
Kishner. La t^trahydrocetonc (CLXI) r^agit d’autre part avec le 
magnesien du bromure de metliyle en donnant lc carbinol (CLXIIl) 
dont la deshydrogenation par le selenium fournit le trimethyLi,3,6- 

H,C CH 3 

c cn., 

\ \“ 

ROOC CU CH., 

I I 

ROOC COCH 3 

(CLXIV.) 

naphtalene, ce qui fixe le position du groupc CO de la cetone (CLX). 
Son oxydation conduit k I’acide (CLXIV), ce qui prouve la position 
des doubles liaisons. Cette cetone est egalcment a considercr comme 
un derive de Tionone, forme par cyclisation entre le mdthyle du noyau 
et le groupe carbonyle de la chaine lat&ale. 

2® Phenols de Purine de Jument gravide. 

L’analogie entre les constituants des glandes a parfum du Castor et 
ceux de Purine des Vert^bres, mentionnec deja plus haut, nous a incite 
a etudier les phenols volatils de Purine de Jument gravide (qui repr^- 
sentent un produit de d^chet de la fabrication des hormones sexuelles 
femelles). Marshall (86) a trouv6 que cette partie phenolique est 
essentiellement constituee de />-cr^soL 

p-Ethyl-phinol, On sait depuis plus de 50 ans que Purine de Vert^br^s 
contient les sulphates ^th^res de differentes substances phenoliques 
d6riv^es de la tyrosine par degradation bact^rienne. Baumann (3) a 
d6ja en 1879 propose le schema suivant de la degradation bacterienne 
de la tyrosine: tyrosine -> acide ^-hydroxy-phenyl-propionique ^-ethyl- 
phenol —► acide ^-hydroxyphenyl-acetique -> />-cresol —> acide ^-hydroxy- 
benzoique -> phenol. Toutes ces substances avaient deja ete isoiees de 
Purine des Vertebres, sauf le ^-ethylphenol. 

Ayant confirme les rapports de Walbaum et Rosenthal (167) ainsi 
que de Pfau (95) sur la presence d'assez fortes quantites de ^-ethyl- 
phenol dans le castoreum, nous nous sommes demande si ce phenol 
n'etait pas un constituant normal de Purine des Vertebres. Une distillation 
fractionnee des phenols volatils de Purine de Jument gravide nous a 
conduit facilement a Pisolement d'un phenol dont le phenylurethane 
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ct I'ester glycolique ne donnait pas de depression de point de fusion avcc 
les derives correspondants du ^-^thyl-phenol (65). 

Dans Turine de Jument gravide, le ^-^thyl-ph^nol ne constitue que 
4 a 10% par rapport au />‘-cresol; dans le castoreum, au contraire il 
n’y a pas de />-cr^sol. L'existence de differences assez marquees dans 
les phenols d*urine de differentes especes animales est demontree aussi 
par le travail recent de Grant (32) qui a isoie le sulphate ethere du 
/)-ethyl-phenol de Turine de Chevre et qui rapporte que le ^-cresol 
ne s'y trouve qu*a I’etat de trace. 

p-Propyl-phinol, Ce phenol n'avait jamais ete isoie d'une source 
vegetale ou animale; il accompagne Ic ^-ethyl-phenol dans le castoreum 
dans la proportion de i: 10 environ {68, yd). Nous n’avons pas trouve 
de /)-propyl-phenol dans Turine de Jument gravide, mais nous supposohs 
qu*il est, dans le castoreum, egalement derive de la tyrosine, par desamina- 
tion, et reduction du groupe carboxyle. Il est assez significatif, que ni 
le castoreum, ni Turine de Jument gravide ne contiennent de /)-butyl-phenol 
ou d’autres ^-alcoyl-phenols superieurs (dont la formation, a partir de 
la tyrosine, serait impossible). 

3° Acidcs de Turine de Jument gravide. 

La presence de I'acide m-hydroxy-benzoique dans le castoreum 
nous avait surprise; cet acide n’avait ete isoie qu'une fois d'une source 
naturelle: Bielig et Hayasida (5) Tavaient trouve dans Turine de Lapin 
apres administration d’ionone / 9 . Ces auteurs avaient evidemment reconnu 
que cet acide ne pouvait pas etre derive de Tionone mais ils n’avaient 
pas etudie la possibilite d’une presence naturelle de cet acide dans I’urine 
du Lapin. 

Les nombreuses analogies, deja citees, entre les constituants du 
castoreum et ceux de I’urine de Vertebres, nous ont conduit a supposer 
que I’acide w-hydroxy-benzoique etait, en effet, un constituant normal 
de Turine de Vertebres; ceci nous a incite a analyser en detail, les acides 
de rurine de Jument gravide (qui constituent egalement un dechet 
de la fabrication industrielle des hormones sexuelles femelles). 

Apres distillation fractionnee des esters ethyliques de 900 g. d’acides 
d'urine de Jument gravide, nous avons isoie 15 acides a retat pur, dont 
13 ont ete identifies; 4 seulement avaient ete consideres comme constituants 
normaux de Turine des Vertebres (les acides benzoique, phenylacetique, 
/)-hydroxybenzoique et azeiaique). Les neuf acides nouveaux sont: 
les acides salicylique, vanillique, w-hydroxybenzoique (qui est done 
effectivement un constituant normal de ruriiie) trois acides insatures: 
cinnamique, />-hydroxy-cinnamique (^-coumarique) et ferulique 
methoxy-3-hydroxy-4-cinnamique) et trois acides isoies pour la premiere 
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fois d'une source naturelle: w-m^thoxy-benzoique, dihydrof^rulique et 
decane-i,io-dicarboxylique (77). 

Le tableau 6 indique le pourcentage de ces acides dans Turine. 


Tableau 6. Acides d’urine de Jumeiit Gravide (77). 


Acide 

F. 

% 

d’acides totaux 

mg/l 

d’urine 

Benzoique. 

122^ 

i 

74 

2460 

Ph^nylacetique. 

70'' 

H 

400 

/?-Hydroxybenzoique. 

2H" 

>*3 

43 

Salicylique. 


0,7 

23 

Azelaique. 

107" 

^>4 

i 3 

Dihyclroferulique. 

Cjo' j 

0,2 

6,6 

l)ecane-i,io-clicarboxylique. 

128"’ 

i 1 

3.3 

m-Hydroxy-benzoique. 

Ujf 

1 O.Tf 

3.3 

Salicylique substitute (non identifie) ... 

118'^ 

0.07 

2,3 

Ferulique. 

170 ’ 

0.04 

G 3 

Vanilliquc. 

^f> 5 ' 

0.03 

0,9 

m-Mtethoxy-benzoique. 

105° 

0,025 

0.7 

Cinnamique. 

134'' 

0,02 

0,6 

Ph^nolique (non identifid). 

208"^ 

0,01 

0,3 

/)-Coumarique. 

210*^’ 

0,002 

o,o(; 


L’odeur de la fraction acide brute, qui est tres forte, d’urine et vanilMe 
a la fois, est surtout diie a I'acidc ph6nylaciHiquc. 

Les acides ci-dessus comprennent onze acides aromatiques et deux 
acides aliphatiques dicarboxyliques. II est possible que d’autres acides, 
plus solubles dans Teau aient 6t^ perdus au cours de la preparation 
industrielle. Le materiel etudie ayant ete extrait d’urine hydrolysee a 
I’acide, nous ne pouvons rien dire sur la forme de conjugaison de ces 
acides dans Turine. 

Nous avons discute precedemment Tinteret biochimique de nos 
resultats (70, 77). 


4"^ Les stero'idcs odorants. 

En 1944, Prelog et Ruzicka (102) ont isoie d’un extrait de testicules 
de pore, deux steroides C^gHsoO (F. 143,5° et F. 123°), les zl^^-andro-. 
stene-ol-3 epimeres (CLXV et CLXVI), qui pre^entent une odeur musquee 
tres nette. C’est la premiere fois que Ton a observe I’odeur d’un steroide. 

Prelog et Ruzicka (102) font remarquer, cependant, qu’il y a une 
forte analogic de structure entre les deux androstenols odorants et la 
civettone (CLXVII = IX) dont on pourrait les faire deriver par des 
cyclisations appropriees et par Taddition de deux groupes methyles. 

Rappelons a ce sujet qu’une hypothese de Windaus avait fait considerer 
la civettone comme precurseur biochimique des sterols; cette hypothese 
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n'est cependant plus soutenable a la lumiere de nos connaissances actuelles 
sur la biogdnese des st(^rols [formation a partir de petites mol&ules, 
en Cg; voir Bloch et Rittenberg (6 )]. 

Prelog, Ruzicka et Wieland {104) ont ensuite synth^tis^ les deux 
st^roides odorants, ainsi que leurs d6riv6s dihydrogenes et la c^tone 
correspondante (CLXIX). La pyrolyse a 300^^ de Thexahydrobenzoate 
d’androstanol-(i7-/5)-onc-3 (CLXVIII) a donne la cetone (CLXIX) dont 
la reduction par Tisopropylate d^aluminiuni a donn(3 les 2 alcools 6pimeres 
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J -AndrOStdlie-Ol-3. 
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(CLXVIII.) 


(CLXIX.) (CLXX.) 

J i®-Ancirost6ue-one-3. J ^*-Etio-chol6ne-ol-3-/5, 


(CLXV) et (CLXVI). L’odeur de la c6tone est beaucoup plus intense 
que celle des alcools et «rappellc celle de recipients ayant servi longtemps 
a la conservation d'urinej>. Les auteurs pensent que la id^®-androstene- 
one-3 pourrait s'y former effectivement a partir de st^roides naturels 
excretes dans Turine. L'odeur des alcools est musquee, mais avec une 
nuance nettement plus animale et plus proche de celle du muse naturel 
que celle de la civettone et de la muscone pures, qui ont une nuance 
plutdt fleurie. 

La configuration sterique de Fhydroxyle en C3 a une forte influence 
sur Fodeur; le derive 3 (CLXV) a une odeur beaucoup plus forte 
que Fepimere 3 jS (CLXVI) dont Fodeur n'est decelable que par un 
nez exerce. 

Prelog, Ruzicka, Meister et Wieland (103) ont consacre une 
etude detainee aux rapports entre la constUution et Vodeur des stiroHdes, 
L’odeur musquee semble etre assez rare, dans cette serie, car elle ne se 
trouve dans aucune des nouvelles substances etudiees. Le simple 
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changement de configuration au carbone 5 transforme les zl^®-androstene- 
0I-3 odorants en les Z|i®-etio-cholenc>ol-3 (CLXX et CLXXI) inodores. 
Leurs derives dihydrog^nes sont ^galcment inodores. 
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(CLXXII.) 

(CLXXIII.) 

A tio-chol6ne-ol- yoc. 

AiidrObtan-one-3. 

A * »^•-Androstadi^nc-one-3. 


L'odeur d'« urine» appartient cependant a plusieurs nouvclles vSub- 
stances: randrostan-one-3 (CLXXIT) ct la zl*»^®-androstadiene-one-3 
(CLXXIII). L'odeur de la Zl^®-etio-cholene-one-3 (CLXXIV) et dc I’etio- 
cholan-onc--3 (CLXXV) est plus faible que celle des substances precit6es. 
II est interessant de constater que la Zl^-androstene-one-iy (CLXXVI), 
isol(5e recemment par plusieurs auteurs americains a partir d’urine 
humaine (pour les rc^ferences voir 103), a, surtout a chaud, une tres 


nette odeur «d’urine ». 
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(CI.XXVI.) 

A ^®-Etio-cholene-oiie-3. 

Etio-cholan-oiie-3. 

A ®-Androst^ue-one-i 7. 


Les lactones (par exemplc CLXXVII) deriv^es des c^tones fortemcnt 
odorantes ont egalement une nette odeur d'« urine». 

Ainsi se confirme dans cette s6rie I’observation faite pour les grands 
cycles, sur la conservation de I'odcur apr^s passage d’une c^tone k la 
lactone correspondante. II est interessant aussi de constater que les 
changements de configuration qui augmentent ou diminuent I'intensite de 
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Todeur, influencent dans le memc sens Tactivite^ hormonale mile de ces 
st^roides. 

Des steroides ayant un noyau aromatique, zl^'®»®-oestratriene-ol-3 
(CLXXVIII), et zl^*®'^‘^®-oestrat6traene-ol-3 (CLXXIX), sont inodores. 

Ruzicka, Prelog et Meister (121) dtoivent la synthese de steroides 
d^rivant de Tandrostane par retr^cissement du noyau A (CLXXX a 
CLXXXII) ou par ^largissement du noyau D (CLXXXIII et CLXXXIV). 



(CLXXX.) 




(CLXXXII.) 


Ils constatent que seuls les derives de Tandrostane dont la structure sc 
rapproche le plus de celle des steroides naturels ont des proprietes odorantes 
tres nettes. Les nouveaux d^rivfe synth^tiques (avec un cycle A cn C® 
ou un cycle D en C®) n'ont pas d'odeur notable, tout au moins a tempera¬ 
ture ordinaire. Quelques-unes de ces substances ont, cependant, a chaud, 
des odeurs de bois de cedrc (CLXXX et CLXXXII), de muse (CLXXXI 
et CLXXXIV) ou d\<urine» (CLXXXIII). 

Etant donne que la muscone est une 3-methyl-cyclopentadecanone 
et que son odeur est nettement difterente de celle de Texaltone (cyclo- 
pentadecanone), Ruzicka, Meister et Prelog (iig) se sont interesses 
a Vinfluence de groupes methyles sur Vodeur, dans cette serie. 

Ils ont trouve que les corps synthetiques suivants avaient, surtout 
a chaud, une tr^s nette odeur de muse: methyl-3-androstanol-3-^ 
(CLXXXV), methyl- 3 -androstanul- 3-/5 (CLXXXVI), methyl-17-andro- 



(CLXXXIII.) (CLXXXIV.) (CLXXXV.) 

M4thyl<3'androstanol<3'd(. 


stanol-3-a (CLXXXVII) et m^thyl-i7-androstanol-3-)8 (CLXXXVIII). 
Les deux c^tones suivantes: m6thyl-i7-androstanone-3 (CLXXXIX) 
et m^thylene-i7-androstanone-3 (CXC) ont une odeur de bois de chdre, 
ce qui cadre avec la r^gle gin^rale que dans la s^rie des steroides la presence 
d'un groupement —OH est n^cessaire pour que le corps ait une odeur 
musqu^e. Parmi les deux diriv 4 s de Tallopregnane, allopregnanol-3-a 
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(CXCI) et Ji7.20.aliopregn^ne-one-3 (CXCII), 


qui a Todeur de muse et non ia c6tone. 


CH3 

CH, 

H3C 1 

/\!/\ 

/\/\ 

H,C J 1_ j 

HO 

^\/\/ 

H3C [ : I 

1 i 


H,C ^ H 

HO H 

(CLXXXVI.) 

(CLXXXVIL) 
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Methyl -i7-androstanone-3. 


(CXC.) 

Methylene-i7>androstanone-3. 


(CXCI.) 

Allopregnanol-3-a. 


Mais, s’il y a des st6roides odorants a activity hormonale, il n'y a 
pas pour autant de macrocycles a activite hormonale; c'est ce que Stoll, 
Hinder et Ruzicka (155) ont montr^ en transformant la civettone 
en 6poxyde (CXCIII), puis en cyclo-heptad 4 cane-dione-i ,9 (CXCIV); 
ce dernier dont la position des atomes d'oxygene est calqu^ sur celle 
de nombreuses hormones sexuelles, s'est montr^e tout a fait inactive 
dans diff^rents tests physiologiques d'hormones sexuelles. 
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Cf clo-heptadAcane-dionc-i ,9. 


5° Divers. 

Euler {21, 22) a trouv6 qu'une partie de Taction hypertensive d*urine 
dtait due k la presence de piperidine, L'urine normale de non-fumeurs 
contient 3 a 20 mg. de piperidine par litre. 
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Jansen {54) a r^ceinmerit rapporte risolement de I’acide dithiol-2,2'- 
isobutyrique a partir d’aspergcs; cette substance n*est pas le precurseur 
de la substance malodorante, probablement soufree qui se manifesto 
dans rurine de personnes ayant consomme des asperges. 

Hardy {43) relate que le glouton (Gulo luscus) des forets aretiques 
de I’Europe et d’Amerique secrete dans Turine le produit fortement 
odorant de ses glandes a parfum. «Even now it still troubles folks as 
far south as Utah by stealing bait from traps and carrying off food from 
cabins, all of which it despoils with its foetid urin(^» 

Lhyraceum que nous traiterons dans le cliapitre suivant, consiste 
en partie d'urine sechee du Daman du Cap (Hyrax capensis) et pent 
avoir une odeur tres notte de castoreum. 

V. Feces. 

Hyraceum. 

L'hyraceum est une drogue assez peu connue; elle est constituec 
par un melange d’urine et d’excrements du Daman {Hyrax capensis, 



Fig. 10. Hyrax {Hyrax capensis, Procaria capensis, Hyrax, KJippschliefcr'. 
[Photo New York Zoological Society.] 


Mammifere placentaire, ordre des PrOboscidiens, tres frequent dans les 
montagnes de TAfrique du Sud) (Fig. 10). On trouve ces matieres 
dess^ch^es, dans le creux des rochers, sous forme de masses brunes ayant 
une odeur f^cale, scatolique et pht^nolique [voir Hardy 

Nous avons r^cemment examine deux 6chantillons d’hyrac^um fort 
diff^rents Tun de Tautre. 

Le premier, un morceau gris pesant 60 g. avait Taspect d'une pierre 
et une odeur animale et ph^nolique (69); 12% seulement en 4taient 
solubles dans Tether. La partie acide contenait une forte proportion 
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d*actde henzo’ique, comme celle de toutes les urines des Herbivores. Nous 
en avons isol6 en outre une substance acide bien cristallisde, F. 195°^ 
ayant probablement la formulc Ci4H,40e [cette substance avait 
par erreur, ddsignee comme neutre (69)]. L'odcur de la plupart des 
fractions rappelait celles du castorcum. Nous pcnsons que cet echantillon 
repr^sentait de Turine dessechee. 

Le 2eme Echantillon, de plusicurs kgs., avait Taspect de crottin de 
lapin, consistant en petites boulcs seches contenant des brins de cellulose. 
L'odeur de cet echantillon etait fecale avcc une note tres nctte d’ambre. 
Nous y avons identifie Ics substances suivantes: une paraffine 
(F. 60 a 62"’), un alcool sature en Coq, de Valcool cerylique C26H54O, les 
acides palmitique et stearique, un melange de sterols et trois triterpenes, 
dont Yacide oleanolique C30H48O.1 et Vacide ursoUque C30H48O3 (Lederer 
et Polonsky, observations inedites). 

Conclusions. 

Les principaux progres de nos connaissances dc la chiniic des substances 
odorantes des animaux concernent des secrEtions et excretions de Mammi- 
feres. Cinq grands groupes de travaux sont a signaler: 

1° Chimie macrocyclique: L’Ecole de Ruzicka a continue a developper 
la chimie des substances macrocycliqucs; ccs travaux ont abouti a des 
syntheses de la muscone et de la civettone, principales substances odo¬ 
rantes naturelles, de structure macrocycliquc. Stevens a isole une sErie 
de corps macrocycliqucs nouveaux a partir des glandes a parfum du Rat 
musquE d'AmErique. 

2® Castoreum: Les travaux de Lederer et coll, sur le castorEum ont 
montrE quo les glandes a parfum du Castor reprEsentent un dEpot tres 
complexe d'une multitude dc substances organiques, provenant pour 
la plupart directement de la nourriture vEgEtale. La chimie et la bio- 
chimie de ces substances a EtE EtudiEe de pres. 

3® Ambre gris: La structure chimique de TambrEine, premier triterpEne 
tricyclique naturel, a EtE Eclaircie avec prEcision par les travaux de 
Ruzicka, Lardon et Jeger, ainsi que par ceux de Lederer et coll. 11 
a EtE dEmontrE que la partie bicyclique de TambrEine est identique k 
celle de quelques diterpenes des Plantes et a celle des noyaux A et B des 
triterpEnes dErivEs des amyrines oc et Nous savons main tenant qu'une 
partie des substances odorantes de Tambre gris est dErivEe de TambrEine, 
par oxydation. 

4® Urine: Prelog et coll, ont isolE de Turine de Jument gravide une 
sErie de substances en C13, dErivEes de Tionone; la constitution de tons 
ces corps a EtE Eclaircie et leur synthese effectuEe. Des recherches de 
Lederer concernent les phEnols et les acides de I'urine de Jument gravide. 
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5° SUroXdes odorants : Prelog et Ruzicka ont isol6, pour la premiere 
fois des st^roides pr 4 sentant une odeur musqu^e. La structure de ces 
substances a ^t^ ducid^e et leur synthese effectu^e. Une s6rie de steroides 
a ^t^ pr^par6e par synthase pour ^tudier le rapport entre constitution 
et odeur. Trois notes principales se rencontrent parmis ces corps: des 
odeurs de muse, de bois de cedre et d'urine. 

En consid^rant les quatre drogues principales atilisee en Parfumerie: 
muse, civette, castor^um et ambre gris, on constate qu'elles doivent 
leur parfum k trois mecanismes hiochimiques diff6rents: 

a) transformation d'acides gras banaux en c6tones macrocycliques 
(muse et civette), 

b) accumulation d'une multitude de substances het^rogenes provenant 
de la nourriture v^g^tale et normalement excret^es par d’autres Vert^bres 
(castoreum), 

c) oxydation d’un triterpene inodore (ambre gris). 

Nous ne savons rien des substances odorantes si varices et sp^cifiques 
qui jouent un role important dans Tattraction sexuelle chez les Insectes. 
C*est la un vaste champ ouvert aux chercheurs a venir. 
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Einleitung. 

Die vorliegende Ubersicht stellt zum Teil die Erweiterung eines vor 
nur wenigen Jahren erschienenen Referates fiber dasselbe Gebiet dar (129). 
Seit damals ist aber eine erfreulich groBe Anzahl wertvoUer Arbeiten 
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liber verschiedene Aspekte der Biochemie der Chinone erschienen, so 
daB auf manchen Teilgebieten eine vollige Neugruppierung des Stoffes 
erforderlich war. 

Die Chinone sind eine altbekannte Gruppe organischer Substanzen. 
Der Grundkorper der Reihe, das ^-Benzochinon, wurde 1838 von 
WosKRESENSKY, eincm Schuler von Wohler, in dessen Laboratorium 
erstmalig synthetisch erhalten. Seither konnte nachgewiesen werden, 
dafi einer groBen Anzahl von Naturstoffen Chinonstruktur zukommt. 
Baktericn, Pilze, Flechtcn, hohcre Pfianzen und Tiere sind imstande, 
Chinone verschiedenster Konstitution zu synthetisieren, und manchen 
dieser Stoffe kommt eine nicht gcringe biologische Bedeutung zu. Selbst 
im Mineralreich konntcn chinoide Substanzen aufgefunden werden. 

Im crsten Tcil der vorlicgendcn Zusammenfassung sollen die natiirlich 
vorkommendem Chinone besprochen werden. Der zweite Abschnitt 
bringt eine Darstcllung der biologischen Wirkungen der natiirlichen 
und synthetischen Chinone; es handelt sich hicr vielfach um Probleme, 
welche gerade in der letzten Zeit in verschiedenen Laboratoricn eingehend 
bearbeitet wurden. Dabei soil auch versucht werden, die bisher ge- 
wonnenen Erkenntnisse iibor den Mechanismus der biologischen Wir¬ 
kungen der Chinone entsprechend abzuhandeln. 

Um diese Ubcrsicht nicht allzu ausgedehnt zu gestaltcn, wird auf 
eine ausfiihrliche Darstellung der Chemic und der Physiologic der vitamin- 
K-aktiven Substanzen verzichtet, da ja hier eine Anzahl ausgczeichnetcr 
Ref crate zur Verfiigung steht (67, 68, 77, 281), Ebenso wird das 

Gcbiet der bei der Oxydation verschiedener Phenole, Phcnylalanin, 
Tyrosin, Dioxyphenylalanin und Adrenalin entstehenden chinoiden 
Zwischenprodukte vom Typus des Hallachroms, des Adrenochroms 
und anderer Orthochinonc nur kurz besprochen und im librigcn auf 
vorhandene Ubersichtsreferate und Arbeiten verwiesen (59, 60, 220 bis 
225, 243, 276). 

I. Natiirlich vorkommende Chinone. 

Das Vorkommen von Chinonen im Mineralreich. 

Im Mineralreich konnten chinoide Substanzen bisher nur in zwei 
Fallen nachgewiesen werden; bei beiden handelt es sich um Anthra- 
chinone. 1923 berichteten Werenskiold und Oftedal (jip) tiber die 
Auffindung von 9,10-Anthrachinon in dcr Asche eines seit vielen Jahren 
brennenden Kohlenflozes in Spitzbergen. Es handelt sich hier also um 
eine rezente Bildung. Dem Anthrachinon wurde der mineralogische 
Name Hoelit gegeben. 

Ein zweites Vorkommen von Chinonderivaten wurde von Treibs 
und Steinmetz (308) wahrscheinlich gemacht. Im Tonschiefer kommen 
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in sehr gcringer Menge Farbstoffe vor, welchen auf Grand verschiedener 
physikalischer und analytischer Untersuchungen nach Ansicht der 
genannten Verfasser die Struktur von alkylierten Polyoxyanthrachinonen 
zukommt. Es handelt sich hier um mindestens zwei Substanzen, welchen 
z\i Ehren von C. Graebe, dem Bahnbrecher auf dem Gebiete der 
Anthracen- und Anthrachinonchemie, die Namen Graebeit a und Graeheit b 
gegeben wurde. Graebeit a hat die Bruttoformel CigHi408 oder C17HJ4O8 
und diirfte ein substituiertes Hexaoxyanthrachinon sein. 


Chinone bakterielleri Ursprungs. 

Zahlreichen Bakterienarten kommt die P'ahigkeit zu, Chinone zu 
bilden. Unter diesen Substanzen ist das Vitamin Kg von iiberragendcr 
physiologischcr Bedeutung. 

Schon 1899 berichtete Beijerinck (jr) iiber die Bildung eines Chinoiis durch 
einen Streptothrix chromogena oder auch S. humifica genannten Mikroorganismus 
des Bodens. Beijerinck nahm an, daQ es sich um Benzochinon handelt; als Nach- 
weis hierfiir wurde allerdings einzig die Fahigkeit dieser Substanz verwendet, 
Gelatine bei Lichtzutritt unloslich zu machen. Aus dieser Arbeit ist daher 
keineswegs zu entnehmen, um welches Chinon es sich in Wirklichkeit gehandelt 
hat. Aus seiner Bcobachtung zog Beijerinck weitgehende Schliisse iiber den 
Mechanismus der Humusbildung im Boden, liir welche er die chinonbildenden 
Bodenbakterien verantwortlich machte. Gegen diesc Auffassungen wurden aber 
bald darauf von Furuta (99) bcrechtigte Gegengriinde, so insbesondere die Giftig- 
keit der Chinone gegeniiber verschiedenen Lebewesen, geltend gemacht. . 

Kluyver und Mitarbciter {i6g) beobachtetcn 1939 die Bildung von 
Calcium- und Magncsiumsalzen des Tetraoxy-/)-benzochinons (I) durch 
Pseuiomonas beijerinckii Hof. Das Pigment wird aus w^so-Inosit oder 
auch aus /-Inosit im schwach alkalischen Medium bei beschrtokter 
Beliiftung gebildet. 

Als erstes Naphthochinon bakteriellen Ursprungs wurde 1933 das 
Phthiocol (II), CjiHgOg (gelbe Prismen, F. 173°), aus menschlichen 
Tuberkelbazillen isoliert [Andersen und Newman (j, 4)]. 
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<II.) Phthiocol. 


Ebenfalls ein Naphthochinon-Derivat ist das Vitamin Kg (HI), 
welches in zahlreichen Mikroorganismen (darunter Bacillus subiilis, 
B. mycoides, B. cereus, Sarcina lutea, Proteus vulgaris, Staphylococcus 
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aureuSy Mycobacterium tuberculosis, Serratia marcescens, Escherichia 
coli und Eberthella typhosa) nachgewiesen wurde. 
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In letzter Zeit berichtetc Evans ( 85 ) iiber die Bildung von Ortho- 
chinonen durch verschiedene pheiiolspaltende Bodenbakterien, So ent- 
steht aus Phenol und aus Brenzcatechin o-Benzochinon (IV) als Zwischen- 
produkt, worauf im wcitcron Vcrlauf der Reaktion der Ring oxydativ 
aufgcspalten wird. Vdllig gleicliartig verlauft die Oxydation der Benzoe- 
saure durch dieselben Organisnien, wobci Protocatechusaure und das 


entsprcchcnde o-Chinon (V) als Zwischenprodukte nachweisbar sind. 
Diese Vorgange — oder zumindest deren erste Stufen — werden schein- 
bar durch Enzyme katalysiert, welche den Phenoloxydasen vom Typus 

der Tyrosinase nahe verwandt sind. 
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(IV.) o-Benzochinon. 


(V.) ,,Protocatechu-chinon**. 


Durch Pilze erzeugte Chinone. 

Eine erstaunlich groBe Anzahl von Chinonen vcrschiedenster Konsti- 
tution konnte als End- oder Zwischenprodukte des Stoffwechsels vieler 
Pilze vorgefunden werden. Die Erforschung dieser Substanzen ist be- 
sonders in den Laboratorien von Raistrick in London und von K 5 gl 
in Miinchen (spater Utrecht) durchgefiihrt worden. Der erstgenannte 
Autor hat sich vorziiglich mit niedrigeren" Pilzen befaBt, wohingegeh 
K 5 gl hauptsachlich die Erforschung der Pigmente von hoher organi- 
sierten Pilzen zu verdanken ist. Uber die verschiedenen Produkte des 
Pilzstoffwechsels, darunter auch die an dieser Stelle zu besprechenden 
Chinone, sind einige Ubersichtsreferate erschienen {40,103, 2jo, 2yi, 283), 
In Tabelle i (S. 158 ff.) sind die von den verschiedenen Pilzen erzeugten 
Chinone verzeichnet, soweit sie in ihrer Konstitution zumindest teilweise 
erkannt wurden. 
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Die an zweiter und dritter 
Stelle in Tabelle i stehenden 
roltichinon-DGriv'die Fumigatin 
(VII)* und Spinulosin (VIII), 
welche verbal tnismaDig ein- 
fache Verbindungen sind, unter- 
scheiden sich voneinander nur 
dadurch, daB Spinulosin eine 
Hydroxylgruppe mchr aufweist 
als das Fumigatin. Die enge 
Verwandtschaft dieser Substan- 
zen wird auch biologisch durch 
die Tatsache nahegebracht, daB 
unter den gewohnlich P'umigatin 
produzierenden Stammen von 
A spergillus fumigatus Fresenius 
es auch solche gibt, welche statt 
dessen Spinulosin bilden. Den 
bciden genannten Pigmenten 
stehen die erst spater entdeckten 
Derivate des 5,5'-Dimethyl- 
dibenzochinons, das Phoenicin 
(X) und das Oosporein (XI), 
sehr nahe, wie aus den Formeln 
leicht crsichtlich ist. 

Es scheint, daB eine groBe 
Anzahl der in Tabelle i auf- 
gezahlten Chinonderivate in den 
Pilzmycelen oder in den Kultur- 
fliissigkeiten in der Hydrochi- 
nonform ebenfalls vorliegen kon- 
nen. So beobachteten Anslow 
und Raistrick (7), daB in der 
Kulturflussigkeit von Aspergil¬ 
lus fumigatus neben Fumigatin 
auch das entsprechende Hydro- 
chinonnachzuweisenist; ebenso 
findet sich nach Posternak 
(264) in Kulturen von PeniciU 
Hum ruhrum auf bestimmten 

* Die Strukturformeln (VI) bis 
(XXXVI) sind in Tabelle i, Seite 
158 bis 166, enthalten. 






Vorkommen und biochemisches Verhalten der Chinone. 


167 


Nahrboden — besonders Bierwiirze — hauptsachlich Tetrahydro-phoenicin 
neben wenig Phoenicin. 

Eine sehr interessante Beobachtung in dieser Richtung machten 
kiirzlich Engel und Brzeski {84), weiche aus Penicillmm urticae eine 
chinhydronartige Verbindung isolieren konnten, die aus einem Molekul 
Gentisinchinon (VI) und drei Molekiilen Gentisinalkohol (XVI) bestand, 
wogegen Birkinshaw und Mitarbeitcr (41) aus P. patulum allein den 
Gentisinalkohol gewannen. 

Es ist jedenfalls anzunehmen, da6 die Chinone und die entsprechenden 
Hydrochinone sich unter biologischen Bedingungen leicht ineinander 
umwandeln konnen. Auf Grund dieser tFberlegungen sind in Tabelle i 
auch einige Substanzen aufgenommen worden, welchc bisher nur in 
der Hydrochinonform nachgewieseii werden konnten. Die Struktur der 
aus Aspergillus-Axioxi isolierten substituierten Hydrochinone, Flavo- 
glaucin (XVII) und Auroglaucin (XVIII) wurdc erst in allerletzter Zeit 
aufgeklart {268). 

Aus hoheren Pilzen konnte Kogl einige interessante Pigniente iso¬ 
lieren, weiche dem Spinulosin insoweit verwandt sind, als sie sich durch 
die gemeinsame Formel (XXXVII) ausdriickcn lassen, wobei im Spinulo- 

O 

n. OH 

" / 

O 

(XXXVIL) 

sin eine Methyl- und eine Methoxygruppe ist, wahrend in der 
Polyporsaure (aus Polyporus nidulans) und Rg Phenylreste, im Atro- 
mentin (aus Paxillus atromentosus) R^ und Rg ^-Oxyphenylreste sind. 
In dieselbe gemeinsame Formulierung lassen sich iibrigens auch die spater 
zu besprechenden pflanzlichen Farbstoffe Embelin und Maesachinon 
einordnen (S. 181). Das Muscaruffin, der Farbstoff des Fliegenpilzes, 
ist hingegen als Diphenylbenzochinon-derivat mit PolyporsSLure und 
Atromentin wohl verwandt, zeigt aber einen komplizierteren Bau. 

Derivate der Naphthochinone als Stoffwechselprodukte von Pilzen 
sind bisher in geringer Zahl bekannt geworden. Hier scheint es einzig 
die Gruppe der Fusaria zu sein, weiche derartige Substanzen, Javani- 
cin (XIX), Oxyjavanicin (XX) imd Solanion (XXI) bildet (S. 161 und 162). 

Hingegen sind wiederum Abkommlinge des 2-Methylanthrachmons 
unter den Pilzprodukten besonders haufig. Solche Stoffe finden sich 
insbesondere bei Getreideparasiten des Genus Helminthosporium, weiters 
bei den Genera PeniciUium und Aspergillus, sowie auch in hdheren 
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Pilzen. Bemerkenswert ist es, dafi oftmals dieselbcn Stoffe oder sehr 
nahc verwandte Substanzen sowohl in Pilzen als auch in hoheren Pfianzen 
nachgewiesen werden konnten. So findet sich das Frangula-emodin (XXV), 
ein Produkt verschiedener Polygonaceae, Leguminosae und RhamnaceaCy 
nach Kogl (179) auch im Pilz Dermocyhe sanguinea\ sein Methylather, 
das Physcion (XXX), kommt sowohl frei als auch als Glykosid in Rumex- 
Arten vor, welters in der Kulturfliissigkeit von Aspergillus glaucus-AxXcn 
und schlieClich als Bestandteil verschiedener Flechten. 

Fine interessante Eigenschaft zeigt das bereits 1902 von Bertrand 
aus Boletus satanas isolierte und von Kogl in seiner Struktur weitgehend 
aufgeklarte Boletol (XXII). Es geht unter dem EinfluB des Luftsauer- 
stoffs und einer im Pilz cnthaltenen Oxydase in ein entsprechendes 
Dichinon (XXXVIII) iiber. Das Ictzterc ist imstande, blaue Salze zu 
bilden, wodurch sich die Blaufarbung des Pilzgewebes an der Luft cr- 


kldren laBt. 
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(XXII.) Boletol. 

(XXXVIII.) Dichinon. 

In der Literatur findet sich noch eine Rcihe von Berichten iiber 
aus Pilzen und deren Kulturmedien isolierte Substanzen, welche mit 
einiger Wahrscheinlichkeit ebenfalls der Anthrachinonreihe angehoren, 
deren Konstitution aber noch nicht mit ausreichender Genauigkeit 
bestimmt ist, um eine Einordnung in Tabelle i (S. 158 ff.) zu rechtfertigen. 


So beschreibt Igaraci {156) eine Substanz, wclcher er den Namen Funiculosin 
gibt. Funiculosin wurde aus Kulturen von Penicillittm funiculosum isoliert; es 
hat die Bruttoformel kristallisiert in tiefroten Blattchen (F. 218°), ent- 

hait keine Methoxygruppen und gibt ein Triacetat sowie ein Tribenzoat. Bei 
Zinkstaubdestillation entsteht Anthracen, so daB die Annahme des Entdeckers, 
dafi es sich hier entweder urn ein Trioxymethylanthrachinon oder um ein Oxy- 
methyldioxyanthrachinon handelt, recht unwahrscheinlich erscheint. In letzter 
Zeit berichten nun Howard und Raistrick {153), daB das von ihnen aus Penicillium 
islandicum Sopp isolierte Anthrachinonderivat, welches unter dem Namen Islandicin 
in Tabelle i aufgenommen wurde, in seinen Eigenschaften weitgehend mit den- 
jenigen, welche beim Funiculosin berichtet wurden, libereinstimmt. Da auch die 
beiden Stkmme Penicillium funiculosum und P. islandicum nahe verwandt sind, 
besteht einige Wahrscheinlichkeit, daB die beiden Pigmente identisch sind. 

Neben dem in seiner Struktur aufgeklarten Carviolin konnte 
Hind {124) aus Kulturen von Penicillium carmino-violaceum noch ein 
zweites Derivat des 2-Methylanthrachinoris isolieren, welchem die Brutto¬ 
formel zukommt und dem der Name Carviolacin gegeben 
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wurde. Das Produkt bildet lichtbraune Nadeln, welche bei 243° unter 
Zersetzung schmelzen; es gibt ein Triacetat und einen Trimethylather 
und geht bei Zinkstaubdestillation in. 2-Methylantliracen iiber. Weitere 
Erkenntnisse iiber die Konstitution des Carviolacins scheincn noch nicht 
v^orzuliegen. 

Ein Pilzpigment, welches nur mit Einschrankungcn unter die Anthrachinon- 
derivate eingereiht warden darf, ist das Phomazarin (XXXV), der Farbstoff von 
Phoma ierrestris, das erst in letzter Zeit von Kogl (184, 1S5) in seiner Struktur 
aufgeklkrt wurde. Es handelt sich hier um ein Azanthrachinon, also eiue Substanz, 
in welcher ein oc-stiindiges Kohlenstoffatom in einem benzoidcn Kern des Anthra- 
chinonskeletts durch ein Stickstoffatom ersetzt ist, Auf Grund seiner Konstitution 
konnte das Phomazarin auch als Alkaloid angcsprochen werden. 

Der Gruppe der Phenanthrenchinone kommt, trotz der weiten Ver- 
breitung von Phenanthrenabkommlingcn in der Natur, anscheinend 
keine besondere Bcdeutimg zu. Bishcr ist nur ein einzigcs chinoides 
Pigment aus Pilzen mit Sicherheit als ein Derivat des Phenanthren- 
chinons erkannt worden. Es ist dies die Telephorsaure (XXXVI), welche 
iibrigens auch in Flechten vorkommt. Von einem zweiten Pigment, 
welches von Kogl (177, 1S2) aus dem Pilz Peziza aeroginosa kristallin 
erhalten wurde, ist ebcnfalls anzunchmen, daB es zu den PhenantUren- 
chinonen gehort, allerdings wahrscheinlich nicht zu den 9,10-Phcnanthren- 
chinonen (wie die Telephorsaure), sondern zu dem in der Natur sonst 
noch nie festgestelltcn Typus des 2,7>Phenanthrenchinons. 

" <" / C:> “ 

(XXXIX.) 2.7-Phenaiithrenchinoii. 

Eine Anzahl weiterer Substanzen, welche als Chinone erkannt warden, deren 
Zugehdrigkeit zu eineqi bestimmten Typus aber noch nicht mit Sicherheit test- 
gesteUt werden konnte, soli hier anhangsweise besprochon werden. 

Aus dem Mycel von Helminthosporium leersii konnten Ashley und Raistrick (2j) 
zwei Stoffwechselprodukte isolieren, das gelbe Luteoleersin, CjgHagOy (F. 135°), 
und das Alboleersin, C2gH4Q07 (F. 215 bis 216°); farblose Nadeln. Das eine ist 
wahrscheinlich ein hdheres Chinon und das andere das entsprechende Hydrochinon. 

Penicilliopsin, das anscheinend mit den Anthrachinonkdrpern nahe verwandt 
ist, wurde von Oxford und Raistrick (251) aus Penicilliopsis clavariaeformis 
Solms-Laubach gewonnen. Es schmilzt bei 330°, hat die Bruttoformel C30H24O8, 
kristallisiert in orangegelben, winzigen Nadeln, gibt eih Diacetat und ein 6t5-Phenyl- 
carbaminat. Bei Erhitzen wird Frangula-emodin-anthranol gebildet; durch Zink¬ 
staubdestillation in Wasserstoffatmosphare entsteht 2-Methylanthracen. Bei 
Oxydation in Piperidinldsung wird ein dunkelviolettes Produkt „Oxypenicilliop- 
sin*‘ (C30H20O9) gebildet. Dessen Farbreaktionen «ind von denjenigen der Aus- 
gangssubstanz vdllig verschieden. Bei Belichtung des Oxypenicilliopsins scheint 
eine Isomerisierung einzutreten. Der resultierende Stoff (,,bestrahltes Oxy- 
penicilliopsin"), dem die gleiche empirische Formel zukommt wie dem OxypenicUliop- 
sin, zeigt auffaUende Ahnlichkeiten mit Hypericin (S. 191), wennglelch eine Identitat 
ausgeschlossen werden mu0. 
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Schliefilich konnte vor kurzer Zeit Michael (231) ein kristallines Pro* 
dukt (Ci5Hjg07) aus der Kulturfliissigkeit von Oidiodendron fuscum Rubak iso- 
lieren. Die Substanz, Fuscin genannt, kristallisiert in orangegelben Blattchen 
(F. 230°), und wird in den Kulturfiltraten von seinem Dihydroprodukt, dem Di- 
hydrofuscin, begleitet. Das Verhalten des Fuscins deutet mit einiger Wahrschein- 
liclikeit auf eine chinoide Struktur, allerdings ohne daB weitere Aussagen gemacht 
werden konnen. 

Went! man nun riickblickend die groBe Zahl der von Pilzen produzierten 
Chinone betrachtet, so ist es bemerkenswert, daB wir liber die chemische 
Konstitution der meisten dieser Substanzen recht genaue Kenntnis 
besitzen, aber anderseits noch sehr wenig iiber ihre Bildungsweise in 
den Organismen und iiber ihre biologischen Funktionen wissen. 

Die Biosynthese von Pilzchinonen. 

Was die Biosynthese dieser Produkte betrifft, soli hier vor allem 
bemerkt werden, daB die vielen von Raistrick und Mitarbeitern aus 
niedrigen Pilzen isolierten Substanzen durchwegs von Organismen 
erzeugt werden, welche auf kiinstlichen Nahrboden, deren einzige Kohlen- 
stoffquelle Glucose ist, gewachsen sind. Diese Pilze miissen also Mecha- 
nismen besitzen, welche es ihnen ermoglichen, komplizierte und Zuckern 
gar nicht mehr ahnliche Substanzen aus Glucose aufzubauen. 

Vor einigen Jahren hat nun Tatum {302) auf Grund genetischer 
Oberlegungen eine Theorie der Biosynthese der pilzlichen Stoffwechsel- 
produkte aufgestellt. Er stellte fest, daB die meisten, bisher aus Pilzen 
isolierten Substanzen als Derivate einer ziemlich beschrankten Anzahl 
von chemischen Grundkorpem erkannt wurden und schlieBt daraus, 
daB die verschiedenen vorgefundenen Ringsysteme ihre Herkunft in 
gemeinsamen strukturellen Einheiten haben. Auf Grund der an dem 
Brotpilz Neurospora crassa erhaltenen Erkenntnisse [vgl. z. B. die aus- 
gezeichnete Zusammenfassung von Beadle (29); dort auch weitere 
Literatur] setzt er voraus, daB auch die Bildung der oben besprochenen 
Pilzpigmente unter der Lenkungstatigkeit von spezifischen Genen steht; 
so ist also die Fahigkeit eines bestimmten Stammes oder einer Art, 
einen solchen Kdrper zu synthetisieren, durch den Besitz eines besonderen 
Gens bedingt. 

Tatum stellt eine von einfachen Zuckem ausgehende Reaktionsreihe 
auf, welche mit der wahrscheinlich in mehreren Stufen erfolgenden 
Bildung aliphatischer Korper aus den Zuckem beginnt. Aus diesen 
Substanzen entstehen dann durch mannigfaltige Arten von Ringschltissen 
weitere Zwischenprodukte und die Endprodukte, wobei jede dieser 
Reaktionen durch spezifische Gene kontrolliert wird. Cxeringere Struktur- 
vertoderungen, wie sie etwa durch Oxydation oder Methylierung bewirkt 
werden, kdnnen vor oder nach dem RingsehluB erfolgen, aber auch fiir 
sie ist die Mitwirkung spezifischer Gene erforderlich. 
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Aus den primaren (aliphatischen) Zwischenprodukten konnten dann 
entweder noch recht zuckerahnlichc Endprodukte, wie Kojisaure, Patulin 
nnd Tetronsaurederivate, anderseits aber auch — nach Tatum liber 
eine zweite Gruppe von Zwischenprodukten — benzoide Verbindungen 
vom Typus A oder B entstchen (R, und R^ stellen Ci-Reste dar, 
wie CH3, CHgOH oder COOH). 



( T 


1 1 

(XL.) Typus A. 

(XLl.) Typus B. 

Typus A wird als Grundstoff der Toluchinonderivate Fumigatin 
und Spinulosin angenommen; bci Zusammentritt zweier Molekiile vom 
Typus A kann es zur Bildung der Ditoluchinon-Abkommlinge Phoenicin 
und Oosporein kommen. Bei einer anderen Art der Vereinigung von 
zwei Molekiilen des Typus A mag die Bildung von Benzophenon-Deri- 
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vaten erfolgen, aus denen Abkommlinge des Xanthons von der Art des 
Ravenelins in einem weiteren Schritt entstehen konnten. 

Bei Zusammentritt von je einem Molekiil der Typen A und B sollten 
ebenfalls Benzophenon-derivate gebildet werden. In Tatums Schema 
ist als Zwischenprodukt das von Nishikawa (2^5 a) aus Oospora sulphu- 
rea-ochracea isolierte Sulochrin cingefugt, aus dem man sich die Bildung 
von Anthrachinon>derivaten leicht erklaren kann. 


Es ist moglich, da6 die Bildung der Naphthochinonderivate, welche im Schema 
von Tatum nicht beriicksichtigL sind, iiber einen anderen Weg vor sich geht; Weiss 
und Nord (317) konnten es ktirzUch glaubhaft machen, daB eine an dei Biosynthese 
des Solanions (XXI) beteiligte Stufe Acetaldehyd ist. 

Die von Tatum postulierte KontroUe der Reaktionen durch spezifische 
Gene kann man sich entsprechend den Auffassungen von Beadle und 
seiner Schule so vorstellen, daB die Gene einzeln fiir die Bildung bestimm- 
ter Enzyme verantwortlich sind und diese Enzyme dann die spezifischen 
Reaktionen katalysieren. 

Obzwar noch keine der geforderten Reaktionen im pilzlichen Organis- 
mus tatsachlich nachgewiesen wurde, ergeben diese Vorstellungen eine 
gute Leitlinie ftir ktinftige Arbeiten iiber die Biosynthese der Pilz- 
pigmente. 

Funktion der Pilzchinone, 


Was nun die Funktion der chinoiden Stoffwechselprodukte der Pilze 
betrifft, so ist es vorstellbar, daB eine Anzahl derjenigen Stoffe, welche 
an das Kulturmedium abgegeben werden, dazu dient, durch ihre anti- 
biotische Wirkung eine Schadigung oder Verdrangung des produzierenden 
Pilzes durch andere Organismen zu verhindem. In vielen Fallen sind 
die beschriebenen Substanzen tatsachlich wirkungsvolle Antibiotica 
(S. 202). Im iibrigen deutet das haufige gemeinsame Vorkommen der 
Chinone mit den ihnen entsprechenden Reduktionsprodukten vom 
Hydrochinontypus darauf hin, daB wir hier Oxydations-Reduktions- 
systeme vor xms haben, die irgendeine, allerdings noch keineswegs defi- 
nierbare Funktion im Atmungsvorgang des Pilzes haben konnten. 
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Dutch Flechten erzeugte Chinone. 

Auch aus einer Anzahl von Flechten sind Chinonderivate isoliert 
worden. Da solche Stoffe in Algen bisher noch niemals nachgewiesen 
werden konnten, ist es wahrscheinlich die Pilzkomponente der Flechten, 
welche fiir die Bildung der Chinone verantwortlich ist. Chinoide 
Substanzen, die aus Flechten isoliert wurden und deren Konstitution 
bis zu einem gewissen Grad als aufgeklart angesehen werden kann, sind 
in Tab. 2 (S. 174—175) verzeichnet. 

AuBer den in Tabellc 2 angefiihrten Substanzen sind noch oinige andere Stoffe 
aus Flechten gewonnen worden, welche mit einiger Wahrscheinlichkeit als Chinone 
angesprochen werden konnen. Hierher gehort das Fallacin, welches Asano und 
Fuziwara (rg) aus Xanthoria fallax isolierten. Hesse (116, iiy) konntc aus Nco- 
phromium lusitanicum und aus Blastema armaria zwei chinonartige Pigmente ge- 
winnen, welche er Neophromin bzw. Blastenin (oder Blasteniasilure) nannte. 
Neophromin bildet ockerfarbige Nadeln (F. iq 6® unter Zersetzung); ihm diirfte 
die Bruttoformel zukommen. Blastenin schmilzt bci etwa 270° und ist 

orangerot. 

Fine Anzahl weiterer derartiger Stoffe wurde von Zopf (JJ5 ) beschrieben. 
Das Rhodophyscin (rote Blattchen, F. 260'’ unter Zersetzung) und das Endococcin, 
welches in gelblicligriinen Prismen kristallisiert, lassen sich aus Physcia endococcina 
gewinnen. Aus Sphaerophorus fragilis und Sph. coralloides isolierte Zopf das gold* 
gelbe Tafelchcn bildende Fragilin. Auch das aus Haematomma porphyrium dar- 
gestellte llymenorhodin {336) diirfte ein Chinon scin. 

Uber Bildungsweise und Funktion der chinoiden Flechtenstoffe kann 
heute noch keine Aussage gemacht werden; die Verbaltnisse diirften 
hier sehr ahnlich wie bei den Pilzen liegen. 

Von hoheren Pflanzen erzeugte Chinone. 

Die gr 613 te Anzahl verschiedener Chinonderivate wird durch hoherc 
Pflanzen produziert. Wir finden unter den pflanzlichen Substanzen 
chinoider Struktur einige geschatzte Farbstoffe, waiters wirksame Be- 
standteile von Drogen, vitamin-K-aktive Substanzen, und sogar Stoffe, 
welche Tiere und Menschen gegen Licht sensibilisieren konnen, wodurch 
die sogenannten Lichtkrankheiten hervorgerufen werden. 

Einige Teile des hier besprochenen Gebietes wurden bereits in ver- 
schiedenen Dbersichtsreferaten ausfuhrlich behandelt (80, 257, 2gia). 

Die in ihrer Konstitution ausreichend charakterisierten Chinone, 
welche aus hoheren Pflanzen isoliert wurden, sind in Tab. 3 (S. 180 
bis 191) verzeichnet, die auch die Strukturformeln (XLVIII) bis (LXXXVI) 
enthalt. 

Wir finden dort Derivate des Benzochinons, des 1,4-Naphthochinons 
und des Anthrachinons in groBer Anzahl, dagegen konnte bisher nur 
ein einziges Pigment als Derivat des 1,2-Naphthochinons erkannt werden; 
ebenso ist die Gruppe der Phenanthrenchinone nur durch, einen Ab- 
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kommling vertreten. Das Hyperi¬ 
cin stellt ein hoher kondensiertes 
System dar; es ist anzunehmen, 
daB Stoffe mit gleicher Wirksam- 
keit, welche in verschiedencn Pflan- 
zen vorkommen, eine ungefalir 
gleichartige Struktur aufweisen. 

Die Benzochinon-Derivate 2,6- 
Dimethoxybenzochinon (XLVI LI) 
und Thymochinon (IL) waren be- 
reits viele Jahre bekannt und auf 
S3mthctischem Wegc erhalten wor- 
dcn, bevor noch ihr natiirliches 
Vorkommen nachgewiesen werden 
konnte. Die Konstitution des Pere- 
zons (L) ist auch heutc noch nicht 
mit ausreichender Sichcrhcit fest- 
gestellt. Fiir Embelin ist mit einiger 
Wahrscheinlichkeit die in der Ta- 
belle 3 angefiihrte Struktur anzu¬ 
nehmen, da die Identitat des von 
Asano und Yamaguti {20) auf 
synthetischem Wege erhaltencn 
Produktes mit naturlichem Em¬ 
belin nachgewiesen zu sein scheint. 
Allerdings berichteten schon 1931 
Hasan und Stedman {113) iiber 
eine Synthese, bei der die von 
ihnen erhaltene Substanz eine um 
ein Kohlenstoffatom langere ali- 
phatische Seitenkette aufweist, als 
das Embelin nach Asano und 
Yamaguti. 

Die Existenz eines anscheinend 
weit verbreiteten pflanzlichen 
Chinonsr das auf Grund verschie- 
dener Eigenschaften ebenfalls zu 
den Derivaten des /^-Benzochinons 
gehoren soli, dessen chemische 
Konstitution aber noch nicht fest- 
steht, wurde vor einiger Zeit von 
Kofler {186) wahrscheinlich ge- 
macht. 
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Eine Reihe recht interessanter Substanzen gehbrt zu den Derivaten 
des if^-Naphthochinons. Beziiglich des Vitamin (LXIII) muB, wie 
erwahnt wurde, auf Obersichtsreferate (67, 68, 77, 159, 281) verwiesen 
werden. Das Lapachol (LVIII) jst mit den in letzter Zeit von Fieser (89) 
beschriebenen Substanzen mit therapeutischcr Wirkung gegen Malaria 
nahe verwandt; im Alkannin (LX) und Shikonin (LXI) liegen Spiegel- 
bildisomere vor, welche aus verschiedenen Pflanzen stammcn. Das 
Dunnion (LXIV) ist der einzige Vertreter der Derivate des 1,2-Naphtho- 
chinons. 

Anthrachinon-Derivate. Die weitaus zahlreichstcn der pflanzlichen 
Chinon-Derivate gehoren zur Gruppe der Anthrachinone. Es ist bemerkens- 
wert, daB gegen alle Erwartung oft nahe verwandte Pflanzen ver- 
schiedene Anthrachinon-Derivate aufweisen, wahrend die gleichen 
Substanzen bei cinander gar nicht verwandten Pflanzengattungen vor- 
kommen konnen. Aus der Auffindung bestimmter Anthrachinonab- 
kommlinge in Pflanzen lassen sich jedenfalls gcnetische Ziisammenhangc 
nur sehr schwer crschlieBen. 

Mitter und Biswas (236) habcn darauf hingewiesen, daB die Sub¬ 
stitution verschiedener Gruppen in den einzelncn pflanzlichen Anthra- 
chinon-Derivatcn bs'istimmten Regeln gehorcht, welche sie folgender- 
maBcn formulieren: 

1. Keinc derartigc Verbinciung enthait mchr als vier Substituenten, namlich 
nicht mohr als eine Methyl-, Carbinol- oder Carboxylgruppe (welche samtlich nur 
in ^-Stellung vorkommcn) und nicht mehr als drei Hydroxylgruppen oder deren 
Methylather. 

2. Die Substanzen mit einer maximalen Anzahl von Substituenten stellen in 
den einzelnen Pflanzen den Fundamentaltypus dar ; die anderen in derselbcn Pflanzen- 
art vorkommenden Anthrachinone lassen sich vom Fundamentaltypus durch 
Oxydation, Reduktion oder Verestcrung bzw. Atherbildung ableiten. 

3. Von den vier Substituenten stehen zwei (darunter die Methyl- bzw. Carbinol- 
oder Carboxylgruppe) in j8-Stellung, die anderen beiden in a-Stellung. 

4. Wenn beide / 3 -standigen Substituenten in einem der zwei benzoiden Kerne 
nebeneinander stehen, so befinden sich auch die beiden anderen Substituenten 
im selben Kern. Zwei ) 5 -standigc Hydroxylgruppen konnen nur in einem Kern 
nebeneinander vorkommen. 

5. Wenn die beiden /?-Substituenten sich in verschiedenen Kernen befinden, 
so sind die a-stlLndigen Substituenten so verteilt, daO eine symmetrische Anordnung 
entsteht. 

Wie ein Blick auf Tab. 3 zeigt (S. 180 ff.), scheinen diese Regeln 
weitgehend erfiillt zu sein; Grlinde dafiir sind allerdings schwer anzu- 
geben. Wahrscheinlich wird erst ein eingehendes Studium der Bio- 
S5mthese der pflanzlichen Anthrachinon-Derivate eine Erkl^rung der 
Zusammenhange geben. 

Wie schon erwjlhnt wurde, sind einige der angefiihrten Anthrachinon- 
Derivate wirksame Bestandteile von abfiihrenden (purgierenden) Drogen 
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{Cortex Frangulae, Fructus Rhamnis catharticae, Cascara Sagrada, Folia 
SennaCy Aloe^ Rhizoma Rhei usw.). Es sind dies das Frangula-emodin 
(XXV), das AloC’emodin (LXXVI), die ChrysophansS-ure (LXXIII) und 
das Rhein (XXIX). Sic sind frci und glykosidisch gebunden in den 
Drogen vorhanden. Es scheint aber, daB die glykosidisch gebundenen 
Anteile vielfach in rc^duzierter Form als Anthranolglykosidc in den 
Pflanzcn vorliegen, wie das z. B. fur die Glykosidc aus Scnnadrogen 
iti einer neuercn Arbeit von A. Stoll und Mitarbcitern {2g8 a) gezeigt 
wurde. Die pharmakologische Wirkung dieser Anthrachinonabkommlinge 
liiBt sich auch durch synthctische Oxyanthrachinone erzielcn. So ist das 
1,8-Dioxyanthrachmon ein unter dem Namen ,,Istizin‘‘ bekanntes und 
viel verwendetes Abfiihrmittel. 

Der bekanntestc natlirliche Anthrachinonfarbstoff ist das Aliza¬ 
rin (LXVI), welches friiher in groBen Mengen aus der Wurzel des Krapps 
(Rubia tinctorium) gewonnen wurde. Hcute wird der Farbstoff nur 
mehr auf synthetischem Wege hergeslellt. Im Krapp kommt Alizarin 
zum groBten Teil glykosidisch gebunden als Rubcrythrinsaure (LXXVIT) 
vor; die Konstitution dieses Glykosids wurde von Richter {280) auf- 
gekiart. Zempl^n {332 a) konnte spater die von Richter postulierte 
Struktur durch cine elegante Synthese beweisen. 
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AuBer den in Tab. 3 angefiihrten Anthrachinon-Derivaten ist eine Anzahl 
weiterer, aus pflanzlichen Organen gewonnener Stoffe mit gleichem Grundskelett 
beschrieben worden, deren genaue Konstitution aber noch nicht vollig gekiart ist. 
So konnten Oesterle und Tisza (247) aus der Wurzel von Morinda citrifolia zwei 
Substanzen der Bruttoformel Ci5Hj^q 04 isolieren, Morindadiol und Soranjidiol, 
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Nach Mitter und Biswas (236) diirfte es sich hier um Stoffe der untenstehenden 
Struktur (LXXXVIII) und (LXXXIX) handeln. wobei die Zuordnung noch nicht 
ganz festzustehen scheint. 

Noch unaufgeklarte Produkte verwandter Konstitution warden von Perkin 
und Hummel {260) aus Morinda umbellata isoliert. 

Auch tiber das sogenannte Natalo-emodin, welches aus den in der Natal-Aloe 
vorkommenden Glykosiden Nataloin und Homonataloin durch oxydative Spaltung 
entsteht> besteht bezuglich der Struktur noch keine Klarheit {202). Ebenso er- 
warten die verschiedenen, unter dem Namen Isoemodine bekannten Substanzen, 
welche aus Rhamnus- und Cassta-Arten isoliert warden, die Aufklarung ihrer 
Konstitution. Goris und Canal (102) berichteten iiber die Isolierung eines 
Anthrachinon-Derivats von der Formel aus Populus balsamifera (Sali- 

caceae). Die von Tschirch und Cristofoletti (J09) aus Rheum rhaponiicum 
gewonnenen Anthrachinon-Derivate Chrysorhapontin und Chrysopontin sollen 
nach Hesse {118) mit Chrysophanol (LXXIII) bzw. mit Rhabarberon (LXXVIIl) 
identisch sein. 

Phenanthrenchinon-Derivate Als einziger bisher aus hoheren Pflanzen 
isolierter Vertreter der Phenanthrenchinon-Klasse wurde von Wessely 
und Mitarbeitern {320, 321) das Tanshinon A (LXXXV) erkannt. Immer- 
hin ist die in Tabelle 3 angefiihrte Konstitutionsformel nur eine von 
den vier moglichen, da zwischen ihr und den Symbolen (XC), (XCI) 
und (XCII) noch keine Entscheidung getroffen werden konnte. 
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Photosensihilisierende Chinone, 

Das von Brockmann und Mitarbeitern (^9, 31) untersuchte Hyperi¬ 
cin (LXXXVI) verdient besonderes Interesse. Die aus dem Johannis- 
kraut (Hypericum perforatum) mit Methanol extrahierbare Substanz 
ist rotviolett und fluoresziert mit roter Farbe. 

Schon seit den Untersuchungen von Tappeiner {301a) ist es bekannt, 
daB gewisse fluoreszierende Farbstoffe Tiere und Menschen gegen Licht 
sensibilisieren konnen. Derartige Wirkstoffe kommen in verschiedenen 
Pflanzen vor und kdnnen daher von Pflanzenfressem mit der Nahrung 
aufgenommen werden. So tritt nach Beimengung von Johaimiskraut 
zum Futter der Haustiere eine Swisibilisierung des Viehs gegen Licht 
auf, welche „H5T>erizismus“ genannt wird und deren Ursache eben 
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Hypericin ist. Die von Brockmann, Pohl, Maier und Haschad (jj) 
vorgeschlagene Formulierung des Hypericins als Derivat des Naphtho- 
dianthrons kann noch nicht als endgiiltig betrachtet werden, diirfte 
aber wahrscheinlich den Tatsachcn entsprechen. 

Verschiedene ahnliche chinoide Wirkstoffe scheinen auch in anderen 
Pflanzen vorzukommen. Die durch Verfiitterung von Buchweizen ent- 
stehende Krankheit heiBt „Fagop5nrismus''; das wirksame Prinzip im 
Buchweizen wird Fagopyringenannt. Nach einer Arbeit jungsten Datums 
aus dem Laboratorium von Brockmann {52 a) diirfte das Fagopyrin 
ebenfalls ein Derivat des 2,2'“Dimethyl-naphthodianthrons sein, welches 
sich vom Hypericin nur dadurch unterscheidet, daB i. eine odcr beide 
der nicht a-standigen OH-Gruppen eine andere Stellung einnehmen 
als im Hypericin und 2. dicse Gruppen mit noch unbekannten Resten 
atherartig verkniipft sind. Nach chroinatographischen Befunden scheinen 
im Buchweizen noch andere ahnlich gebaute V arbstoffe vorzukommen. Bei 
Verfiitterung von gewisscn Sorten der Platterbse entsteht ein analoger 
Krankheitszustand („Lathyrismus‘‘); in Siidafrika ist ,,Geeldikop** eine 
durch Tribulus terrestris verursachte Krankheit, die in ihren Erschei- 
nungen den aufgezahlten Photosensibihsierungs-phanomenen sehr nahe 
verwandtist. tFber die Wirkstoffe, welchc „Lathyrismus“und„Geeldikop*‘ 
verursachen, ist noch nichts bekannt. 

Biosynthese und Funktion der Chinone hoherer Pflanzen, 

Eine Anzahl von Chinon-Derivaten, wahrscheinlich zum groBten 
Teil Derivate des o-Benzochinons, diirfte durch die Wirkung von Phenol- 
oxydasen entstehen, welche in vielen Pflanzen nachgewiesen warden. 
Es handelt sich liier um Fermente, welche imstande sind, ein- und mehr- 
wertige Phenole zu Chiiionen zu oxydieren. Verschiedene Autoren nehmen 
an, daB diese Oxydasen eine maBgebliche Kolle bei Atmungsvorgtogen 
spielen, und zwar trete hier in vielen Fallen ein Phenol-Chinonsystem 
an die Stelle des bei den Tieren verbreiteten Cytochromsystems, 

Dagegen wurde von anderer Seite eingewendet, daB erstens der- 
artige Oxydasen nicht in alien atmenden pflanzlichen Organen nach- 
weisbar sind und zweitens, daB auch in vielen Pflanzen ein Cytochrom- 
system vorliegt. James {158) bezweifelt allerdings die Giiltigkeit dieser 
Gedankengtoge und halt es fiir wahrscheinlich, daB die verschiedenen 
pflanzlichen Gewebe die Atmungsfunktion mit verschiedenen Mitteln 
erftillen konnen und sowohl das Cytochromsystem, als das Phenol- 
Chinonsystem und auch das Ascorbinsauresystem imstande sind, eine 
solche Rolle zu spielen. Er halt es sogar fiir moglich, daB unter Umstanden 
ein und dasselbe Gewebe im Verlauf seiner Existenz von einem Mechanis- 
mus auf einen anderen umschaltet. 
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Es scheint allerdings dariiber noch keine Klarheit zu bestehen, welche 
speziellen Phenol-Chinonsysteme tatsachlich als Elektroneniibertriiger 
bei der Atmung fungieren soil ten. Nelson und Mitarbeiter {243, 282) 
nehmen an, daB es das System Dioxyphenylalanin (Dopa) (XCIV) und 
das entsprechcnde Chinon (Dopachinon) (XCV) ist, welches in den 
Atmungsmechanisnius eingebaut ist. Die Autoren schlagen einen ziemlich 
komplizierten Mechanismus vor, welcher vom Tyrosin (XCIII) ausgeht; 
ihre Vorstellungen sind durch Versuche in vitro gestiitzt. Die Tyrosinase 
pflanzlicher Gewebe, welche sowohl Mono- als auch Diphenole oxydieren 
kann, soli primar das Tyrosin zum Dopa oxydieren, wobei letztere Substanz 
eine groBere Affinitat zum Enzym haben soli als das Tyrosin selbst. 
Das Enzym ubt dann seine diphenol-oxydierendc Wirkung am Dopa aus, 


wodurch das Dopachinon cntsteht. 
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(XCIII.) Tyrosin. 

(XCIV.) Dopa. 

(XCV.) Dopachinon. 


Die Versuche zeigten, daB in Abwesenheit von Ascorbinsaure das 
Dopachinon zu braunen, melaninartigen Produkten weiter umgewandelt 
wird und gleichzeitig noch mehr Tyrosin in gleicher Weise oxydiert wird. 
Wenn hingegen Ascorbinsaure zugegen ist, so wird das gebildete Dopa¬ 
chinon sofort wieder zum Dopa reduziert und die Tyrosinase, welche zu 
Dopa eine groBere Affinitat bcsitzt als zu Tyrpsin, bleibt dauernd durch 
die erstgenannte Substanz gebunden, so daB kein weiteres Tyrosin 
oxydiert werden kann. Dieser Zustand dauert bis zur vollstandigen 
Oxydation der vorhandenen Ascorbinsaure an; das Dopa-Dopachinon- 
system fungiert also als Sauerstoffiibertrager auf die Ascorbinsaure. 

In der Pflanze konnten nun andere reduzierende Stoffe, wie etwa 
das in der Kette der Atmungsvo^gange vor dem Phenol-Chinonsystem 
stehendc Obertragerglied, eine Rolle iibernehmen, welche derjenigen 
der Ascorbinsaure in den beschriebenen Versuchen analog ist. Nelson 
und Dawson {243) bringen diese Vorstellungen in das folgende Schema. 

(HjO -f) Dopachinon —► Melaninprodnkte. 


vorhergehencler Teil der 
Reaktionskette der Atmung 

Tyrosinase 


I aH 


Tyrosinase -j- Oj 


i-Tyrosin -j- Og. 


Dio.xyphenylalanin 


Schema nach Nslson und DawsOK { 343 )- 
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Diesem Schema entsprechend ist also das Dioxyphenylalanin der 
Elektroneniibertrager, welcher unter Mitwirkung der Tyrosinase in 
manchen pflanzlichen Geweben als terminales System der Atmung mit- 
wirkt. Das Z-Tyrosin erfullt hier die Funktion eines Reservoirs, damit 
die Pflanze stets, falls sich die Notwendigkeit ergeben sollte, neuen 
Gbertrager bilden konne. Jede Storung der Reaktionskette, welche die 
Reduktion des Chinons verhindert, bewirkt, daB zuerst Dopa und dann 
auch das vorhandene Tyrosin zu melaninartigen Produkten aiifoxydiert 
warden. Nelson und Dawson erkliiren so die dunkle Verfarbung von 
rohen, zerschnittencn Kartoffeln, welche nach einiger Zcit an der Luft 
eintritt, als eine Storung des normalen Atmungssystems, wodurch eben 
die melaninartigen Stoffe erscheinen. Es ist natiirlich durchaus moglich, 
daB auch andere derartige Redoxsysteme (wie z. B. Protocatechusaure 
und das entsprechende Chinon oder Kaffeesaure und ihr Chinon) an der 
Atmung in ahnlicher Weise teilnehmen, wie es fur das System Dopa- 
Dopachinon wahrscheinlich gcmacht wurde. 

An dieser Stelle soli auch noch eine Beobachtung von Boswell {44) erwahnt 
Averden. Kartoffelscheiben wirken in Anwesenheit von Kaffeesaure oxydierend 
auf Glykokoll, Glutaminsaure und Asparaginskiire; stickstoff-freie Sauren werden 
hingegen nicht angegriffen. Es ist anzunehmcn, daB dieser Effekt durch das Chinon 
verursacht wird, welches die in den Kartoffeln anwesende Phenoloxydase aus der 
Kaffeesaure bildet; die oxydierende Wirkung von Chinonen auf manche Amino- 
sauren ist schon seit langerem bekannt {168, 322). Es ist mdglich, wenn auch nicht 
sehr wahrscheinlich, daB wir auch hier eine Funktion der Chinone im Stoffwechsel 
der Pflanzen vor uns haben. 

Ob aber die vielen in Tabelle 3 genannten Chinone ebenfalls eine 
Rolle in der Atmung spielen, muB als recht zweifelhaft bezeichnet werden. 
Worin nun die Funktion dieser Substanzen in der Pflanze besteht, ist 
noch in vdlliges Dunkel gehiillt. Ebensowenig wissen wir fiber die Bildungs- 
weise der verschiedenen pflanzlichen Chinone, wenn wir von ganz wenigen 
Fallen (z. B. Dopachinon) absehen. Aus Analogiegriinden konnte ange- 
nommen werden, daB auch hier, wie bei den Pilzen, die Chinone Um- 
wandlungsprodukte von Kohlehydraten sind. 

Chinone tierischen Ursprungs. 

Einige von Tieren produzierte Substanzeii, welche sich durch ihre 
physiologischen Wirkungen oder durch sonstige beiherkenswerte Eigen- 
schaften auszeichnen, wurden als Chinone erkannt. Darunter finden 
sich Derivate des />-Benzochinons, des o-Benzochinons, des 1,4-Naphtho- 
chinons und des Anthrachinons. 

Dcr erste Bericht fiber ein Chinon tierischen Ursprungs stammt von B^hal 
und Phisalix (jo). Sie fanden, dafl der TausendffiBler Julus terrestris, besonders 
bei mechanischer oder elektrischer Reizung, ein Hautsekret absondert, welches 
den Geruch von Chinon zeigt. Ein aus dem Sekret isolierter Stoff verhielt sich in 

Fortschritte d. Chem. otg, Naturst. VI. 15 
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bezug auf Fluchtigkeit, Lbslichkeit und Reaktionen vdllig gleichartig wie Benzo- 
chinon. AUerdings reichen die in dieser fast fiinfzig Jahre zuriickliegenden Arbeit 
verwendeten Methoden nicht aus, um mit Bestimmtheit zu behaupten, daB die 
Autoren tatskchlich Benzochinon, wie sie annahmen, oder ein anderes Chinon in 
den Handen hatten. Es ware wohl eine dringliche Aufgabe, diese Untersuchung 
mit modernen Mitteln zu iiberprufen. 

Derivate des o-Benzochinons finden sich im Tierreich sehr weit ver- 
breitet. Sie entstehen dutch die Wirkuug verschiedener Oxydasen auf 
einzelne Phcnole; im weiteren Verlauf der Keaktion werden dann diese 
Orthochinone in das hochpolymere Melanin, dcssen Struktur noch un- 
bekannt ist, verwandelt. 

Den Orthochinonen kommt bei verschiedenen Klassen der Inver- 
tebraten, auch wenn wit von der Melaninbildung absehen, eine nicht 
unbedeutende Funktion zu, welcher gerade in letzter Zeit groBere Be- 
achtung geschenkt wird. Die verschiedenen Orthochinone, wie Dopa- 
chinon oder „Protocatechuchinon'S wirken als Gerbstoffe bei der Er- 
zeugung widerstandsfahiger Geriistproteine mit. Chinongegerbte EiweiB- 
stoffe konnten bei vielen Invertelraten nachgewiesen werden. Das am 
langsten bekannte Beispiel ist die Cuticula verschiedener Insektenarten 
(265 a ); gleichartige chinongegerbte Strukturproteine finden sich aber 
auch bei Wurmern und Mollusken (52 a, 52 b, 30S a). Die in Frage 
kommenden Gewebe crweisen sich als reich an verschiedenen Phenolen 
und an f(ir diese spezifischen Oxydasen. Folglich kann mit Sicherheit 
angenommen werden, daB die die Gerbung der Proteine bewirkenden 
Chinone durch fermentative Oxydation aus den Phenolen entstehen. 
(Beziiglich des Mechanismus der Chinongerbung vgl. S. 216.) 

Der zur Melaninbildung fiihrende Vorgang ist bei zwei biologischen 
Ausgangsprodukten, dem Tyrosin und dem Adrenalin, schon recht genau 
untersucht worden; wir geben unten ein Schema iiber eine mogliche 
Bildungsweise, wobei beziiglich Einzelheiten auf die in der Einleitung 
zitierten Obersichtsreferate und Arbeiten verwiesen werden muB- 

Mazza und Stolfi (226) konnten das Hallachrom (XCVII) schon 1931 
aus dem Polychaten Halla parthenopea isolieren. Friedheim (95) hat 
dann spater diese Substanz naher untersucht und ihr Oxydations-Reduk- 
tionspotential gemessen. Auf Grund der Tatsache, daB Hallachrom 
imstande ist, in vitro die Atmung von Erythrozyten, Seeigel- und Ascaris^ 
Eiern zu steigem, vermutet Friedheim, daB dieses Pigment eine akti- 
vierende Rolle im Sauerstoffhaushalt von Holla ausiibt. Er halt es fiir 
wahrscheinlich, daB das Hallachrom als Sauerstoffspeicher dienen kann 
und es dem Tier dadurch ermoglicht, sich langere Zeit im sauerstoff- 
armen Schlamm des Meeresgrundes aufzuhalten. 

Das Adrenochrom (CIII), welches besonders von Green und Richter 
(J07) naher imtersucht wurde, hat in letzter 2 feit groBeres Interesse be- 
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Melanin. 


V CH3 J 

(CIV.) „Oxoadrenochroni‘* nach CoHEN. 


Schema der zur Melaninbildun^ fdhrenden Vorgange (s. auch S. 195). 


ansprucht. Es konntc festgestellt werden, daB dieser Siibstanz oder 
vielleicht auch Produkten, welche in vivo aiis ihr entstehen, eine blut- 
drucksenkende Wirkung zukommt. Eine ausfiihrlichc Arbeit iiber dieses 
Gebiet verdffentlichte Marquardt (220), der auch eine hohere Oxydations- 
stufe des Adrenochroms (CV) beschreibt. Ein ahnliches Produkt von 
etwas verschiedener Konstitiition (CIV) wird von Cohen (57— 60) be- 
schrieben. 




c=o 

I 

CH, 


/ 

O N 


CH3 

(CV.) „Koto-adreuochroni“ nach MabqUARDT. 

An Derivaten des 1,4-Naphthochinons als tierische Produkte sind 
bisher nur Pigmente bei den Echinodermen beschrieben worden, denen 
allerdings auf Grund ihrer biologischen Funktionen besondere Bedeutung 
zukommt. Hierher gehdren vor ailem die bei verschiedenen Seeigel- 
arten nachgewiesenen und teilweise sehr griindlich untersuchten Echino- 
chrome, welche als Befruchtungsstoffe fungieren. 

Wie bekannt, bezeichnet man als Befruchtungsstoffe Substanzen, 
welche die Vereinigung der mannlichen und weiblichen GeschlechtszeUen 
fdrdern und auf diese Weise den Befruchtungsvorgang ermoglichen. 
Nach einem Vorschlag von Hartmann und Kuhn (jjo, i8g) werden 
diese Befruchtungsstoffe Gawowe genannt. Wir konnen sie in zwei Gruppen 
unterteilcn: solche, welche in den weiblichen GeschlechtszeUen (Ei) vor- 
kommen und als Gynogamone bezeichnet werden, und solche aus mauin- 
lichen GeschlechtszeUen (Sperma), denen der Name Androgamone zu¬ 
kommt. 

Die Echinochrome gehoren zu den Gynogamonen, und zwar nach 
der von Kuhn vorgeschlagenen Nomenklaturzum Gyiiogamon-I-Komplex, 
der durch folgende Wirkungen charakterisiert wird: i. Aktivierung der 
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Spermienbewegung; 2. chemotaktische Anlockung der Spermatozoen 
und 3. Antagonismus gegeniibcr Substanzen des Androgamon-Komplexes. 

Echinochrome konnten bisher nur aus einigen Seeigelarten isoliert 
werden (Arhacia und Strongylocentrotus). Nach den Untersuchungen 
von Hartmann, Schartau, Kuhn und Wallenfels (112, 195) liegen 
diese Farbstoffe in den Eiern der Tiere symplex-artig an Proteine ge- 
bunden vor. Das von Kuhn und Wallenfels {ig4) aus den ausgereiften, 
braunroten Ovarien von Arhacia pustulosa isolierte Echinochrom A (CVI) 
(10 mg pro Ovar) kristallisiert in roten Nadeln (F. 220°). Auf Grund 
der zur Konstitutionsermitthing durchgcfiihrten Versuche (Zinkstaub- 
destillation, reduzierende Acetylierung, Methylierung mit Diazomethan, 
Oxydation mit Chromsaure) kommt ihm die Formel cines 2-Athyl- 
3,5,b,7,8-pentaoxy-i,4-naplithochinons zu, was auch durch Synthese be- 
stSltigt werden konnte {314). Es muB allerdings angenommen werden, 
daB diese Formel die tatsachliche Struktur der Substanz nicht vollstandig 
charakterisiert, da das Echinochrom A ein i n Gleichgewichtszustand be- 
findliches Gemisch mehrerer isomerer Chinone darstellen diirftc. 

OH O 

HO I II CoH, 

I I 

./ '\/\ 

HO I II OH 

OH O 

(CVI.) Echinochrom A. 

Die hochmolekularen Echinochrom-Symplexe konnen durch Extrak- 
tion mit 4%iger Kochsalzlosung gewonnen werden, und zwar erhalt 
man bei Extraktion des gesamten Arbacia-Eics einen terniiren Symplex, 
welcher von Kuhn und Mitarbeitem als Echinochrom . . . Trager . .. /fzZ/s- 
symbolisiert wird; wenn man liingegen das Ei ohne die Gallert- 
hiille extrahiert, erhalt man den binaren Symplex: Trager,,, Echino¬ 
chrom, 

Die physiologische Wirkung des Echinochroms A oder seines temaren 
S5miplexes lal 3 t sich durch folgende Versuche charakterisieren: Bringt 
man geringe Mengen in einen Tropfen Seewasser, in welchem Seeigel- 
Spermatozoen suspendiert sind, so geraten diese in lebhafte Bewegung 
(„aktivierende Wirkung*'). Eine Kapillare mit verdiinnter Echinochrom- 
losung, welche in eine Sperma-Suspension gebracht wird, venirsacht 
Anlockung der Spermatozoen und Wanderung in die Kapillare („chemo- 
taktische Wirkung"). SchlieBlich zeigt sich auch eine auffallende aggluti- 
nierende Wirkung des Echinochroms gegeniiber den Spermien, welche 
sich noch in einer Verdiinnung von i: 2,5 Milliarden nachweisen laBt. 
Wahrend der temare Symplex die geschilderten Effekte in teilweise 
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noch verstarktem AusmaB entfaltet, wirkt eine Losung des binaren 
Symplexes nur in Gegenwart des Hilfstragers aus den Gallerthiillen. 

Ovarien, welche sich noch nicht ini Stadium der Vollreife befinden, sind violett 
und enthalten wenig Echinochrom A. Hingegen konnten aus ihnen zwei andere, 
in ihrer Struktur allerdings noch nicht aufgekiarte Naphthochinon-derivate kristallin 
erhalten werden, von denen das eine Echinochrom H genannt wird, rot gefarbt ist, 
und wie Echinochrom in Natronlauge loslich ist, wMirend das zweite, das soge- 
nannte Echinochrom C, violett ist und sich in Natronlauge nicht lost (295). 

Hartmann und Schartau (hi) untersuchten auch eine Anzahl anderer 
Naphthochinone auf ihre Wirkung gegeniiber den Spermatozoen von Arhacia 
pusiulosa. Juglon (5-Oxy-i,4-naphthochinon) (LlII) ist irnstande, die Spermatozoen 
in ilhnlicher Weise wie das Echinochrom zu aktivieren, wogegen ihm die aggluti- 
nierenden Effekte nicht zukommen. Naphthazarin (5,8-Dioxy-i,4-naphthochinon) 
und Naphthopurpurin (5,6.8-Tri()xy-i,4-naphthochinon) siml hingegen nicht zur 
Aktivierung, aber zur Agglutination befahigt. Eine Mischung von Juglon und 
Naphthazarin kann die Wirkungen von Echinochrom A recht gut nachahmen. 
Von Interesse ist es auch. dab Naphthazarin imter dem EinfluB von Licht bald 
die FHhigkeit zur Agglutination verliert und dann eine aktivierende Wirkung be> 
sitzt, welcher erst nach langer Zeit schwache Agglutination folgt. 

Das Echinochrom A hat nach Wallknfels (312) auBer seiner ge- 
schilderten Rolle als Gynogamon in Arhacia pustulosa nocli die Funktion 
cincs Farbstoffcs der rotcn Blutzcllen. Auch hier ist das Echinochrom 
an einen hochmolekularen Trager gebunden, welcher aber von demjenigen, 
mit dem es den Gynogamon-Symplex bildet, verschieden ist. Ob dem 
Echinochrom die Rolle eines Sauerstoffubortragers der Blutzellen zu- 
kommt, wurde anscheinend noch nicht untcrsucht; auf Grund seiner 
Eigenschaften ware das durchaus denkbar. Das Redoxpotential des 
Echinochroms A liegt nach Wallenfels und Mohle (jr5) unterhalb 
von + 100 MV. Eine mit Hilfe einer Additivitatsregel vorgenommene 
Berechnung ergab ein von +76 bis +81 MV. 

Das von Ball [26) schon 1936 aus Arhacia punctulata kristallin 
isolierte Pigment, welchem nach Lederer und Glaser (201) die 
Formel Ci2Hio07 zukommt, diirfte mit dem Echinochrom A identisch 
sein. 

Vom Standpunkt der vergleichenden Biochemie gesehen, erweekt es 
einiges Interesse, daB unter alien bisher untersuchten Metazoen nur 
einige wenige Echinodermenarten Naphthochinon-derivate als Bestand- 
teile von Gynogamon-komplexen besitzen. Alle sonstigen bisher in 
ihrer Struktur bekannten Befruchtungsstoffe gehoren zur Klasse der 
Carotinoide. 

Eine ausgezeichnete Ubersicht uber das Gebiet der Befruchtungs¬ 
stoffe wurde kiirzlich von Bielig und Graf Medem (jp) veroffentlicht. 

Mit den Echinochromen strukturell nahe verwandt sind die Stachel- 
farhstoffe verschiedener Echinodermen. Kuhn und Wallenfels (196) 
gelang es, die Struktur des Stachelfarbstoffes von Arhacia pustulosa 
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weitgehend aufzuklaren. Es handelt sich um ein Carbinol (CVII), das 
anscheinend als schwerldsliches Calciumsalz der Dienolform (CVIII) 
vorliegt. Bei der Abspaltung des Calciums mit Sfturen erfolgt gleichzeitig 
eine Dehydrierung und es entsteht das Keton (CIX). Dcm Carbinol 
wurde von den Autoren der Name Spinochrom A gegebcn, wilhrend das 
daraus entstehende Keton die Bezinchnung Spinon A erhielt. 


OH o 

HO^ I 11 CHOH • CH, 


o- 

OH O I 
HO, I 


HO I II OH HO I I OH 

OH O OH O- 

(CVII.) Spinochrom A. (C\'III.) Dienolform des Spinochrom A. 
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CO-CH« 


HO i II OH 
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(CIX.) Spinon A. 

Ein von Spinon A verschiedencs Pigment (CigHioOg) wurde von 
Lederer und Glaser (201) aus den Stacheln von Paracentrotus lividus 
isoliert. Im selben Ausgangsmaterial wurde noch ein Farbstoff der 
Bruttoformel C12H10O7 gefunden, welchen die genannten Forscher fur 
Echinochrom hielten. Musajo und Minchilli {240) konnten aber zeigen, 
daB das Pigment eine Acetylgruppe enthalt, und nelimen an, daB es sich 
um ein 2-Acetyltetraoxy-naphthochinon handelt. 

Drei weitere, kristallisiertc Stachelfarbstoffe wurden von Kuroda 
und OsHiMA (igy) aus Seeigelarten des Stillen Ozeans isoliert, namlich 
Spinochrom Aka (aus Pseudocentrotus depressus), Spinochrom F (aus 
Heterocentrotus mammilatus) und Spinochrom M (aus Anthocidaris 
crassispina), Es handelt sich hier um Naphthochinon-derivate, welche 
wahrscheinlich den Pigmenten von Arhacia pustulosa in ihrer Konstitution 
sehr ahnlich sind. 

t)ber das Vorkommen weiterer NaphthocKinon-derivate im Tierreich, 
so vor allem aus der Gruppe der vitamin-K-aktiven Substanzen, ist 
bis heute noch nichts bekanntgeworden. Es scheint, daB der tierische 
Korper allgemein nicht imstande ist, Vitamin K zu synthetisieren. Es 
ist anzunehmen, daB verschiedene Tierarten, welche kemen Nahrtmgs- 
bedarf an Vitamin K zeigen, dieses deshalb nicht von auBen zuftlhren 
miissen, weil sie durch die Bakterienflora ihres Darmes in ausreichender 
Menge versorgt werden. 
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Unter den Chinonen tierischen Ursprungs finden wir auch eine Anzahl 
von Anthrachinon-derivaten, von denen einige allgemeiner bekannt sind. 
Hierher gehoren die Kermessaure, die Carminsaure, die Laccainsaure 
und vermutlich auch das Lanigerin. 

Die ziegelrote Kermessaure (CX), CigHi209 (F. 250°; Zers.), ist der 
Farbstoff der in Sudeuropa beheimateten Schildlaus Lecanium ilicis, 
Er wurde von Dimroth (7j, 76) in seiner Konstitution aufgeklart; die 
untenstehende Formel ist durch Abbaureaktionen weitgehend gesichert. 


H3C O OH 

11 


:i ,1 


HO 

HOOC O OH 
(CX.) Kerineffiaurc. 


OH 


Das farbende Prinzip des Cochenille-Farbstoffs, welcher durch 
Trocknen und Zerreiben der ungefliigelten Weibchen der hauptsachlich 
in Zentralamerika vorkommenden Schildlaus Coccus cacti coccinelliferi 
gewonnen wird, ist die Carminsaure. Die Carminsaure (CXI), C22H20O13 
(Zersetzung zwischen 136 und 205""; [(x]jy = + 80,5°), wurde ebenfalls 
von Dimroth (72, 75) bearbeitet. Seine Abbaureaktionen lassen, analog 
zur Kermessaure, auf ein Deri vat des ^x-Methylanthrachinons schlieBen, 
dem wahrscheinlich die untenstehende Formulierung zukommt. 


H3C o OH 

I I O. CoH^O, 


HO I II I OH 
HOOC O OH 


(CXI.) Carminsaure. 


Dber die Natur der aliphatischen Cg-Kette, welche zuckerartigen 
Charakter besitzt und vier acetylierbare Hydroxyle enthalt, ist bi^er 
nichts N^iieres bekanntgeworden. 

Uber die zinnoberrote Laccainsaure, C2oHi40io, welche aus dem von 
der Schildlaus Coccus laccae erzeugten Stocklack gewonnen wird, welcher 
friiher unter dem Namen „Lac-dye“ als Ersatz ftir Cochenille Verwendung 
land, ist noch sehr wenig bekannt. Immerhin ist die Anthrachinon- 
struktur durch Vergleich der Absorptiohsspektra und durch das Ergebnis 
einer Zinkstaubdestillation weitgehend sichergestellt (7-^, 310). Aus 
demselben Organismus konnten Tschirch und Ltiny {310) hoch ein 
zweites Anthrachinon-derivat, das Erythrolaccin, CigHigO®* H| 0 , gelbe 
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Kristalle, isolieren; die Autoren schreiben ihni die Konstitution eines 
Tetraoxy-methyl-anthrachinons zu. 

SchlieBlich berichtete Blount {43) iiber die Isolierung eines Anthra- 
chinon-derivats aus der auf der Weymouthkiefer lebenden Blutlaus 
Eriosoma lanigera. Das Lanigerin ist ein orangefarbenes Pigment, welches 
der Formel C17H14O7 entspricht; F. 274 bis 276° iinter Zers. 


II. Biologische Wirkungen der Chinone. 

Bald nach der crwahnten erstcn Darstellung eines Chinons, des 
/)-Benzochinons, durch Woskresensky (1838) wurde bci diescr Substanz 
eine physiologische Wirkung vermutet. Schon ihr Entdecker schreibt, 
daB ihr . ein durchdringender, die Angen zu Tranen reizender Ge- 
ruch . . eigen ist und Wohler bcrichtet 1844: . sein starker, 

Nase und Augen reizender Geruch liinterlaBt noch lange eine ahnliche 
Wirkung wie Jod und Chlor. . Eine etwas spatere Untersuchung 
von Wohler und Frerichs {330) ergab allerdings, daB dem Chinon 
zumindest nicht die vermutete Giftwirkung zukommt: . 0,5 g einem 

Hiind gegeben, lieB gar keine Wirkung wahmehmen; ebensowenig eine 
groBere Gabe von ungetahr i g. Es war nicht im Harn zu finden und 
es war nicht auszumittcln, was aus ihm geworden war. . 

Seit damals sind viele Untersuchungcn liber die Wirkungen der 
Chinone auf verschiedene Organismen durchgefiihrt worden, von denen 
hier jedoch nur die wichtigsten besprochen werden konnen. 

Wirkungen der Chinone gegeniiber Mikroorganismen. 

Die hakteriziden und hakteriostatischen Effekte einiger Chinone wurden 
erstmalig etwa gleichzeitig von Thalhimer und Palmer {304), sowie 
von Cooper (62) beobachtet. Morgan und Cooper (259) untersuchten 
die Wirkungen verschiedener Chinone auf Bakterienkulturen, wobei 
sie feststellten, daB — im Gegensatz zu den Verhaltnissen bei den Pheno- 
len — bei den Chinonen das bakterizide Vermogen mit dem Aufsteigen 
in der homologen Reihe geringer wird, so daB Toluchinon oder Th^mio- 
chinon schwachere antibakterielle Effekte zeigen als das Benzochinon. 
Th5miol und die Kresole sind bekanntlich wirksamere Desinfektions- 
mittel als das unsubstituierte Phenol. Das antibakterielle Vermdgen 
von halogenierten Chinonen ist holier als dasjenige des Benzochinons; 
unter den Naphthochinonen envies sich das 1,2-Isomere wesentlich 
wirksamer als das 1,4-Naphthochinon. Morgan und Cooper beobachteten 
auch, daB Fliissigkeiten biologischen Urspnmgs, wie etwa Peptonbrtihe, 
Harn oder Rinderserum, die antibakterielle Wirkung stark hemmen. 
Aus diesem Grunde schlossen sie, daB die Chinone als Desinfektionsmittel 
kaum in Frage kamen. 
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Mit den Arbeiten der letztgenannten Autoren schien das Interesse 
auf diesem Gebiete zu erlahmen; in den DreiBigerjahren wurde keine 
einzige erwahnenswerte Untersuchung iiber die antibakteriellen Eigen- 
schaften der Chinone durchgefiihrt. Erst seit 1941 belebte sich wieder 
das Interesse fiir diese Effckte, was hauptsachlich der Tatsache zuzu- 
schreiben ist, daB urn diese Zeit die antibiotischen Wirkungen des 
Penicillins ihre erste praktische Anwendung erfuhren. Es lag nahe, 
unter anderen, schon bekannten Stoffwechselprodukten von Pilzen neue, 
wirksame Antibiotica zu suchen, und so wurden die von der Schule von 
Raistrick aus Pilzen isolierten Chinone auf ihre antibiotischen Effekte 
untersucht. AuBerdem hatte man etwa zur gleichen Zeit beobachtet, 
daB das 2-Methyl“1,4-naphthochinon, welches als vitamin-K-aktives 
Produkt ausgedehnte therapeutische Verwendung findet, auch eine 
beachtliche antibaktericlle Wirkung zeigt. 

Oxford, welcher gemeinsam mit Raistrick (252) die antibiotischen 
Effekte von Fumigatin und Spinulosin beschrieb, untersuchte spater (250) 
eine groBere Anzahl synthetischer Dcrivatc des ^-Benzochinons auf 
ihre Wirkungen gegeniiber verschiedenen Bakterienarten. Er stellte 
fest, daB mehrere synthetische Produkte, wie z. B. 3,5-Dimethoxy- 
toluchinon, Trimethoxy-toluchinon und 2,6-Dimethoxy-benzochinon das 
Wachstum von Staphylococcus aureus weitaus stS,rker hemmen als das 
Fumigatin, welches wiederum das Spinulosin um ein Vielfaches iibertrifft. 

Auf Grund dieser Ergebnisse unternahm es Oxford, bestimmte 
Beziehungen zwischen der Konstitution der Chinone und ihrer Wirkung 
abzuleiten. So stellt er fest, daB die Einfiihrung einer Hydroxylgruppe 
in das Molekiil die Wirksamkeit vermindert, wahrend Methoxygruppen 
diese erhohen. Er beobachtete auch ein betrachtliches Abfalien der 
Wirkung mit der Zeit und widmete dieser Erscheinung eine besondere 
Untersuchung (249). Er halt es fur wahrscheinlich, daB die Chinone 
eine Bindung mit EiweiBstoffen der bakteriologischen Media eingehen, 
wodurch die Wirksamkeit gegeniiber den Bakterien abgeschwacht wird. 

Entsprechende Untersuchungen iiber Naphthochinone wurden von 
Armstrong und Mitarbeitern (rj, 14), spater von Calandra und Mit- 
arbeitern (54), Moeller (2j5), Alcalay (z), Lloyd und Middle- 
brook (2x4), ViNET (jzz), Atkins und Ward (2j), sowie Colwell 
und McCall (6z) durchgefiihrt. 

Nach Alcalay lassen sich bei den Naphthochinonen, was die Substi¬ 
tution des chinoiden Kerns betrifft, folgende GesetzmaBigkeiten auf- 
stellen: Die Einfiihrung von Halogenatomen erhoht die Aktivitat; die 
Substitution saurer Gruppen verringert sie hingegen. Aliphatische 
Aminogruppen, welche in den Kem eingefiihrt warden, bewirken starke 
bakteriostatische Wirkung gegeniiber alien Bakterien, wogegen aromatische 
Aminogruppen eine VerstSlrkung nur gegeniiber grampositiven Bakterien 
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verursachen. Eine Substitution im benzoiden Kern bleibt fast ohne 
EinfluQ auf den bakteriostatischen Effekt. Naphthochinon’-derivate 
weisen in vitro eine beachtliche Aktivitat gegenuber Tuberkelbazillen 
auf; eine ebensolche Wirkung wird auch von dem schon besprochenen 
Javanicin (XIX; S. 161), einem Stoffwechselprodukt von Fusarium 
javanicum, ausgeubt. 

Eine praktische Anwendung der antibakteriellen Wirkung der Chinone 
scheint aber nicht in Frage zu kommen. Eine genaue Untersuchung 
liber die Wirksamkcit von 3,5--Dimethoxytoluchinon, welches nach 
Oxford (2^0) das in vitro aktivste Chinon-derivat gegen Staphylococcus 
aureus ist, wurde von Clock und Mitarbeitern (10j) durchgefiihrt. Es 
stellte sich heraus, daB das Praparat Mausen gegenuber Infektionen 
mit Staphylokokken, sowie auch mit Streptokokken und mit Clostridium 
perfringens keinerlei Schutz gewahrte. 

Trotz dieser Ergebnisse wurdcn die Untersuchungen iiber die anti- 
bakterielle Wirkung der Chinone auch in den Ictzten Jahren weiter- 
geftihrt. Das Ziel dieser Arbeiten liegt eher darin, den Mechanismus 
der Chinonwirkung auf die Bakterien aufzuklaren und auf diese Art 
Erkenntnisse iiber den Zusammenhang zwischen der Konstitution der 
Substanzen und ihrem Bioeffekt zu erhalten, wozu ja die Chinon- 
derivate durch die leichte Darstellbarkeit geradezu einladen. Andrerseits 
scheincn die Versuche iiber die antibiotischen Effekte der Chinone 
auch geeignet zu sein, Daten iiber verschiedene Stoffwechselprozesse 
dcr Mikroorganismen zu gewinnen. 

Marini-Bettolo und del Pianto (218, 2ig) unternahmen es, zwischen 
den verschiedenen moglichen Wirkungsmechanismen zu unterscheiden; 
ihre Untersuchung kann aber nicht als quantitativ bezeichnet werden, 
da sie nur zwischen vollkommener, teilweiser und keiner Hemmung des 
Wachstums unterscheiden. Immerhin konnten sie einwandfrei feststellen, 
daB keine direkte Beziehung zwischen den Redoxpotentialen und der 
antibiotischen Wirkung besteht, welche Annahme allerdings schon vorher 
von Page und Robinson (255) widerlegt worden war. 

Eine ausfiihrliche Untersuchung von Geiger (ioo) veranlaBte diesen 
Verfasser zu folgenden Schliissen: Die Aktivitat der Chinone gegentlber 
gramnegativen Bakterien sei allgemein geringer als gegenuber gramposi- 
tiven. Fiir die Wirkung auf gramnegative Bakterien sei die Anwesenheit von 
freien Orthostellungen neben den chinoiden Carbonylgruppen erforderlich. 
Sulfhydryl-verbindungen seien imstande, die Wirkung auf gramnegative 
Bakterien aufzuheben oder zu verhindem, wogegen grampositive Organis- 
men auf diese Weise nicht geschiitzt werden kdnnen. 

In letzter Zeit warden auch im hiesigen Laboratorium derartige Ver¬ 
suche untemommen (138), wobei es eine neuentwickelte Methodik ge- 
stattete, recht genaue Aussagen iiber den Grad der partiellen Hemmungen 
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zu machen. Wir konnten die erwahnten Angaben von Geiger nicht voll 
bestatigen. In unseren Versuchen erwiesen sich z. B. Verbindungen 
ohne freie Orthostellung, wie Chloranil und Dichlorthymochinon 
als besonders starke Hemnistoffe fur gramnegative Bakterien; anderseits 
konnten wir zeigen, daB Sulfhydryl-verbindungen die Wirkungen der 
Chinone gegeniiber alien verwendeten Bakterienarten aufzuheben imstande 
sind, wahrcnd nach Geiger dies nur fiir die gramnegativen Organismen 
gelten sollte. Eine bemerkenswerte und anscheinend neue Beobachtung 
ist, daB eine Anzahl der Wirkstoffe in Konzentrationen, welche gerade 
unter den noch hemmenden liegen, eine v/nchsanregende Wirkung zeigen. 
Es konnten Wachstumsfdrderungen bis zu fast 50% beobachtet werden. 

Wahrend, wie erwahnt, die Arbeiten liber die Hemmwirkungen der 
Chinone auf das Bakterienwachstum bisher nur theoretische Bedeutung 
erlangt haben, ist es kiirzlich Fieser und Mitarbeitern gelungen, eine 
Anzahl von Substanzen der 2-Oxy“3-alkylnaphthochinon-reihe zu synthe- 
tisieren, welche eine bemerkenswerte Aktivitat gegeniiber Malaria- 
parasiten zeigen. Sie geben eine Ubersicht liber ihre ausgedehnten 
Arbeiten {8g), so daB hier eine kurze Besprechung geniigt. 

Die genauere Erforschung der Antimalaria wirkung von Naphtho- 
chinon-derivaten erfolgte, nachdem schon 1943 festgestellt worden war, 
daB Hydrolapachol (CXII) eine gewisse Aktivitat gegeniiber Plasmodium 
lophurae in Entcn zeigte. 


O 


CH3 

/ 



CHj, • CH. • CH 

\ 

CH 


3 


O 


(CXII.) Hydrolapachol. 


Im Laufe mehrerer Jahre wurde eine groBere Anzahl von verwandten 
Produkten S5nithetisch hergestellt, wobei es sich als vorteilhaft envies, 
die Alkyl-Seitenkette des Hydrolapachols in 2-Stellung zu verandem. 
Manche der auf diese Art erhaltenen Stoffe zeigten mehr als hundert- 
fach starkere Aktivitat als die Ausgangssubstanz. Es konnten auch 
einige bemerkenswerte Regeln liber den EinfluB der Konstitutionsver- 
anderungen auf die Wirksamkeit aufgestellt werden: 

Bei Veriangerung der Seitenkette des Hydrolapachols durch Ein- 
fiigung mehrerer Methylengruppen steigt die Wirksamkeit zuerst an, 
erreicht ein Optimum bei Cg und sinkt dann wieder ab. Ahnliche Be- 
ziehungen und das gleiche Optimum finden sich bei der Reihe der 2-«- 
Alkyl-3-oxy-i,4-naphthochinone und ebenso verhalten sich die Derivate 
mit verschiedentlich verzweigten Seitenketten. Wenn aber die Seiten- 
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kette auch einen alizyklischen Ring enthalt, so liegt das Optimum der 
Aktivitat bei C^q oder Cu. Zwei Ringe oder ein Arylrest verschieben 
es noch mehr in der Richtung der langeren Kette. Im folgenden sind 
einige Formelbilder (CXIII bis CXVII) wiedergegeben. Die Nummern 
mit einem vorgesetzten M sind willkiirlich zur Bezeichnung gewahlt. 
Der Faktor Q gibt die Wirksamkeit der Substanz im Vergleich mit 
Chinin an. 
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(CXVII.) M-2293. Q«I 5 » 3 . 


Anscheinend ist die direkte Kupplung des alizyklischen Ringes an 
den Naphthochinonkern besonders vorteilhaft, denn M*2293 erwies 
sich als das wirksamste der untersuchten Produkte, soweit es sich um 
die durch P, lophurae verursachte Infektion bei Enten handelte. 

Die sterische Anordnung in der Seitenkette ist von groBer Bedeutimg, 
was am Beispiel von M-297 (CXV) und M-2279 (CXVI) ersehen werden 
kann. Die ^<««s-Verbindung ist hier mehr als doppelt so stark wirksam 
wie die entsprechende c^’s-Form. M-2293 (CXVII) ist sogar I3fach 
wirksamer als sein c«s-Isomeres. 

Klinische Versuche mit derartigen Pr^paraten, welche an Patienten 
vorgenommen wurden, die eine Malariatherapie durchgemacht batten, 
ergaben allerdings weniger ermutigende Ergebnisse. Der Grund dafixr 
liegt darin, daB die erwSLhnten Stoffe im menschlichen Organismus sehr 
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schnell chemisch verandert werden. Hier handelt es sich um eine Oxyda- 
tion der Seitenkette. Die nachstehend gezeigten Abbauprodukte (CXVIII) 
und (CXIX) sind, obwohl die am Molekiil vorgenommene Veranderung 
als sehr gering erscheint, klinisch vollig inaktiv. 
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(CXVIII.) Abbauprodukt von M-aSs (CXIII). 
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(CXlX.) Abbauprodukt von (CXIV). 


Die Suchc nach ahnlich gebauten und ebenso wirksamen Stoffen, 
welchc aber vom Kdrper nicht so rasch angegriffen werden, war bald 
erfolgreich. Das durch seine gute Resistenz gegenuber dem Abbau im 
menschlichen Organismus wie auch durch gute Antimalariawirkung 
derzeit vorteilhafteste Praparat ist das Oxyalkyl-derivat M-2350 (CXX) 
mit einer verzweigten Cig-Kette, welche ein sekundares Hydroxyl tragt. 

I :i I HO '( 0 H 2 ) 4 'CH 3 

II OH 
o 

(CXX.) .W-2350. 

Wie Fieser und Mitarbeiter (8g) in einer Anmerkung berichten, hat 
dieses Praparat bei der ersten Anwendung gegenuber Plasmodium vivax- 
Infektionen eine erstaunliche Wirksamkeit gezeigt. 

Uber den Wirkungsmechanismus dieser Substanzen laBt sich noch 
nichts Bestimmtes aussagen, wenngleich die FiESERsche Schule sich 
bemiiht hat, diese Probleme zu losen. Der primare Angriffspunkt der 
Substanzen dhrfte ein an der Atmung der Malariaparasiten beteiligtes 
P'erment sein. Wendel (318) konnte schon 1946 beobachten, daB die 
Fahigkeit der Stofle, die Atmung von Malariaparasiten in vitro zu hemmen, 
mit ihrer Wirksamkeit gegeniiber der Vogelmalaria parallel geht. Ball 
und Mitarbeiter (27) imtersuchten dann die Wirkung einiger Alkyloxy- 
naphthochinone auf verschiedene Enzymsysteme und konnten fest- 
stellen, daB ein Bemsteinsaure-oxydasesystem, welches aus Bernstein- 
sSLure-dehydrogenase, Cytochrom und Cytochrom-oxydase besteht, bereits 
durch sehr niedrige Wirkstoffkonzentrationen gehemmt wird, wahrend eine 
Anzahl anderer Enzyme (Cytochrom-oxydase allein, Xanthin-oxydase, 
Aminosaure-oxydase, Katalasen, verschiedene Pyridinnucleotid- spe- 
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zifische Dehydrogenasen sowie Urease) in ihrer Aktivitat nicht beein- 
trachtigt werden. Heymann und Fieser {12j) fanden allerdings spater, dafi 
zwischen der Wirkung auf das Succin-oxydasesystem und der Aktivitat 
der Substanzen gegenxiber Malariaparasiten keine befriedigcnde t)ber- 
einstimmung festgestellt werden kann. 

Interessanterweise scheint die Wirksamkeit dieser Substanzen weit- 
gehend von ihren lipophilen bzw. hydrophilen Eigenschaften abzuhangen. 
Die von Fieser (97) eingefiihrte GroBe (definiert als das eines 
waBrigen Puffers, der imstande ist, den ^/joiten Teil des Stoffes aus einem 
gleichen Volumen Ather zu extrahieren) hat bei den wirksamstcn Sub¬ 
stanzen die Werte zwischen 10 und 12. 

Die malaria-aktiven Naphthochinon-derivate zcrstoren dicjenigcn 
Formen der Malariaparasiten, welchc sich auBerhalb der Erythrozyten 
bzw. in den Zellen des reticulo-cndothcliaien Systems befinden, weshalb 
sie wahrscheinlich besonders in Kombination mit den bereits bew2,hrten 
Chemotherapeutica gegen Malaria (Chinin, Atebrin, Plasmochin) eine 
besonders wertvolle Wirkung cntfalten werden. Wie bekannt, unter- 
driicken Chinin und Atebrin die Trophozoiten innerhalb der roten Biut- 
zellen, sie haben aber wenig EinfluB auf die Formen, welchc auBcrhalb 
der Erythrozyten existieren. Jedenfalls spricht alles dafiir, daB wir 
in den Oxyalkyl-naphthochinonen neue, wertvolle Heilmittel gegen 
Malariainfektionen vor uns haben, denen vielleicht noch e&ie groBe Be- 
deutung bei der Bekampfung dieser Volksseuche mancher Lander zu- 
kommen wird. 

Auch gegen niedere Pilze erweisen sich einige Chinone als sehr wirk- 
sam. Wie wir feststellen konnten, wird das Wachstum von Hefe durch 
die verschiedenen Chinone stark gehemmt; durch starkere Konzen* 
trationen wird die Hefe abgetotet (jj7 , 149), Wie bei den Bakterien, 
findet sich aber auch hier ein bestimmter Konzentrationsbereich, der 
knapp unter dem noch hemmenden liegt, in welchem die Chinone eine 
Starke wachstumanregende Wirkung entfalten. Um eine moglichst exakte 
Beschreibung der durch diese Substanzen auf Hefe verursachten Effekte 
zu erhalten, wurde im hiesigen Laboratorium eine Untersuchungsreihe 
begonnen, wobei der EinfluB einer groBeren Anzahl von Chinonen auf 
verschiedene Stoffwechselfunktionen der Hefe bei unterschiedlichen 
Konzentrationen der Wirkstoffe gepriift werden soil. Die ersten Mit- 
teilungen dieser Reihc (140, 142) beschaftigen sich mit dem EinfluB 
auf die Garung, die Atmung, die Glykogenbildung, die Gesamtlipoid- 
und Sterinbildung, sowie die Resorption anorganischen Phosphats aus 
der Nahrlosung. Es konnte gezeigt werden, daB in subletalen Konzen¬ 
trationen die Ga.rung, die Phosphatresorption und die Bildung von 
Lipoiden — und hier besonders des Sterinanteils — merklich gefdrdert 
werden, wShrend die Atmung und Glykogenbildung der Hefe unter 
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denselben UmstSlnden eine Hemmung erfahren. Unsere Schlufifolgerungen 
sollen weiter unten besprochen werden. 

ScHOPFER und Boss (288) haben vor kurzem die Wirkung einer 
Anzahl von Naphthochinon-derivaten (darunter einige vitamin-K-aktive 
Substanzen) auf 44 verschiedene, meist zu den niedrigen Pilzen gehorende 
Mikroorganismen untersucht. Sie beobachteten, daB die Hemmung des 
Wachstums durch Nicotinsaure riickgangig gemacht werden kann. Die 
fungistatische bzw. fungizide Wirkung der Naphthochinone findet iibrigens 
schon seit langerer Zeit praktische Anwendung. Verwendet wird ins- 
besondere das 2,3-Dichlor-i,4-naphthochinon welches sichzur Bekampfung 
von gewissen Getreidesamen-schadlingen (Ustilago), von verschiedenen 
Pilzkrankheiten, welche Hiilsenfriichte befallen, welters auch gegen die 
durch Rhizoctomia- und Glomerella-Axien verursachten Schadigimgen 
von Baumwollsamen, sowie gegen die fiir das Verschimmeln von Baum- 
wollgeweben verantwortlichen Stachyhotrys-Axioxi bewahrt hat (303). 

Eine starke fungistatische Wirkung verschiedener Naphthochinon- 
derivate gegenxiber Monolinia fructicola wird von Little, Sproston 
und Foote (94^, 213 a, 213 h) berichtet. 

An dieser Stelle soil auch crwahnt werden, daB Naphthochinone 
einen hemmenden EinfluB auf die Bioluminiszenz, sowie auf die Atmung 
von Leuchthakterien haben (227, 2g8). Nun halt es Spruit (296, 297) 
auf Grund seiner ausfiihrlichen Untersuchungen fiir wahrscheinlich, daB 
das Luziferin, also der an dem Phanomen der Biolumineszenz primar 
beteiligte Wirkstoff, ein 1,4-Naphthohydrochinon-derivat ist, welches in 
2-Stellung eine Carbonylgruppe mit einem noch unbekannten weiteren 
Rest tragen soil. 

OH I 

II co—c— 

Yrr ' 

..••■■■V/Y'x 

OH 

(CXXl.) Formulierung des Luziferins nach SpRUIT. 

Die letztgenannten Hemmeffekte lassen sich auf drei verschiedene 
Arten erklaren: i. Die Naphthochinone hemmen allgemein die Lebens- 
funktionen der Organismen; demnach waren sie als unspezifische Zell- 
gifte zu bezeichnen. 2. Die Naphthochinone verdrangen das Luziferin 
von den Wirkgruppen des bei der Biolumineszenz beteiligten Ferment- 
systems Luziferase. 3. Die Naphthochinone sind imstande, das Luziferin 
zu dehydrieren. 

Die erste Mdglichkeit konnte von Spruit und Schuiling (29^) aus- 
geschaltet werden; in Wachstumsversuchen zeigte es sich namtich, daB 
Naphthochinonmengen, welche Atmung und Luminiszenz vollstandig 
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hemmen, die Zahl der sich entwickelnden Baktericnkolonien iiberhaupt 
nicht beeinflussen. Wahrscheinlich ist die dehydrierende Wirkung der 
Naphthochinonc fiir die Hemmung der Lichtbildung verantwortlich. Wir 
miissen uns vorstellen, daJ 3 der vermutlich die Lumineszenz verursachende 
Oxydoreduktionsprozefi am Luziferin durch die Chinone derartig ge- 
hemmt wird, dal 3 das Lnziferin irrcversibel zu einer Chinonstafe oxydiert 
wird. Die Mciglichkeit, dal 3 es sich hier vielleicht doch xim cine kom- 
petitive Hemmung handelt, ist noch nicht v(">Jlig auszuschlieBen. 

Der EinfluB der Chinone auf Vorgange bei der Zellteilung. 

A ntimitotisckc Effekte. 

Die Fahigkeit, die Zelle wahrend des Teilungsvorgangs hemmend zu 
beeinflussen, kommt verhaltnismaBig vielcn organischen und aucli 
anorganischen Substanzen zu. Wir konncn hier zwischen Verbindungen 
unterscheiden, welchc einc Hemmung dor Zellteilung in irgendeinem 
Stadium bewirken, wie es z. B. das Colchicin tut (derartige Substanzen 
werden ,,Antimitotica“ oder ,,mitosehemmende‘' Stoffc genannt), und 
solchen Verbindungen, welche einen Einfluli auf den Zustand, die Gestalt 
und die Erbeigenschaften der Chromosomen haben und welche ,,mutagenc“ 
Substanzen genannt werden. Ausfiihrliche Berichte iiber mitosehemmcnde 
Stoffc verdanken wir Dustin {y8), Lehmann (205), sowie Meier und 
ScHAR (229), wahrend eine ausgezeichncte Cbersicht iiber mutagene 
Stoffe kiirzlich von Auerbach (24) veroffentlicht wurde. Eine interessante 
Arbeit iiber die mogliche Wirkungsweise antirnitotischer Substanzen 
wurde jiingst von Loveless und Revell (214 a) publiziert. 

Lehmann konnte bereits 1942 beobachten, dali verschiedenc Chinone 
imstande sind, bei einem von ihm selbst gefundenen Testobjekt, beim Ei 
des SuBwasser-oligochaten Tuhifex, die Fortentwicklung der Eier vom 
Ein- oder Zweizellenstadium zur vielzelligen Stufe zu blockieren, ohne 
dabei die Kerne abzutdten. An einem anderen Versuchsmaterial, namlich 
an einer Gewebekultur von Hiihnerherz-Fibroblasten, beobachteten 
Meier und Allgower {228) eine gleichartige Wirkung der Chinone. 

Die teilungshemmende Wirkung der Chinone gegenuber diesen Objekten ist 
insoweit beachtlich, als diese Substanzen besonders hohe Wirksamkeit im Vergleich 
zu anderen antimitotisch aktiven Verbindungen zeigen. Wahrend die ftir die 
Mitosehemmung erforderliche Minimalkonzentration bei Phenylurethan i : 5000, 
bei Colchicin i; 30000 und bei Stilbdstrol i: 300000 ist, wirkt das 1,2-Benzanthren- 
3,4-chinon noch bei einer Verdiinnung von i: 500 Millionen. 

In der Art der Wirkung unterscheiden sich die einzelnen Chinonklassen 
wesentlich voneinander. Hieriiber liegen ausfiihrliche Berichte von 
Lehmann und seinen Mitarbeitem vor {154, 155, 204, 207, 208), Das 
Benzochinon und Derivate, wie Toluchinon, Methoxytoluchinon, Chlor- 
anil und auch das Hydrochinon bewirken durchwegs Blockierung der 
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Teilung, wobei aber der Kernapparat nur wenig geschMigt wird. Doch 
erfolgt bei den blockierten Keimen meist schon nach einigen Stunden 
2 ^ 11 auflosung, wahrend Keime, welche durch Colchicin in ihrer Teilung 
gehemmt wurden, tagelang weiterleben konnen. 1,4-Naphthochinon, 
1,4-Naphthohydrochinon, sowie 2-Methyl-i,4-naphthochinon blockieren 
die Furchung des Tubifex-eics in eineni kleinen Konzentrationsbereich 
zwischen i : 3 und i: 15 Millionen; Cytolyse wird abcr nicht bewirkt. 
1,2-Naphthochinon verursacht Zellauflosiing ohne blockierend zu wirken. 
9,10-Anthrachinon crweist sich als vollig inaktiv, liingegen ist das 1,2- 
Anthrachinon sowohl antimitotisch als auch cytolytisch wirksam, wobei 
ein antimitotischcr Konzentrationsbereich ohne Cytolyse nicht auf- 
gefunden werden konnte. 

Der Wirkung des Colchicins am ahnlichstcn sind diejenigen Effekte, 
welche durch Derivate des 9,10-Phenanthrenchinons, sowie hdher kon- 
densierte Chinone hervorgerufen werden. Hier sind insbesondere zu er- 
wahnen: das 9,10-Phenanthreiichinon selbst, weiters das Pimanthren- 
chinon (i,6-Dimethyl-9,io-phenanthrenchinon), das Ketenchinon (i-Me- 
thyl*-7-isopropyl-9,iO“phenanthrenchinon), sowie das oben genannte Tetra- 
phenchinon, (i,2-Benzanthren-3,4-chinoii), welches die hochste Wirk- 
samkeit der Reihe zeigt. 


CH3 O 
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(CXXII.) Pimaiithreuchinon. 


CHo O 

I II o 



! : 
V. /\ 


CH 

CH3 


(CXXIII.) Retenchinon. 



(CXXIV^) Trtraphcnchinon. 


Es ist von einigem Intcresse, da8 das dem Tetraphenchinon sehr nahe 
verwandte Chrysenchinon vollstandig wirkungslos ist. 

O 
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(CXXV.) Chrysenchinon. 

Die Wirksamkeit der einzelnen antimitotischen Chinone wird nach 
Lehmann (205, 206) in Abb. i veranschaulicht. 

In einer spateren Arbeit berichten Lehmann und Andres (206 a) ttber die 
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Wirkung von Acenaphthochinon auf den Kern embryonaler Keime von Tubifex 
und Amphibicn. Es wire! das Auftreten von Polyploidie festgcstellt. Benzau- 
thrachinon bewirkt ebenso wie Colchicin und Podophyllin auch Verschwinden der 
embryonalen Zellkerne und Bildung sogenannter Pseudokerne, wclche im Feulgen- 
Test positiv sind. Zwei weitere none Arbeiten aus demselben Laboratorium (282 a, 
282 h) behandeln die Bceinflussiing des Meiosevorgangs im Tuhijex-Ei durch 
1,4-Naphthochinon und Phenanthrencliinon. 

Nach Untersuchungen von Mitchell und Simon-Reuss [233) zeigt 
das synthetischc Vitamin-K-Praparat, 2>Methyl-i,4’naphthohydrochinon- 
diphosphat sowohl gegeniiber Huhnerhc'rz-Fibroblasten als auch gegen- 
tiber Gewebekulturcn von gevvissen 

menschlichen Carcinomen cine mi- iTMie/rmfro/f 

tosehemmende Wirkung. Nach einor 
spateren Mitteiliing aus demselben 
Laboratorium [g8) ist das unsub- 
stituierte i,4-Naplithohydrochinon- 
diphosphat looofach wirksainer als 
das 2-Mctliylprodukt. Die Autoren 
zeigen auch, daB wahrscheinlich 
nicht die Chinonnatur der Ver- 
bindungen — cs ist anzunehmen, 
daB die phosphorylierten Hydro- 
chinone in vivo in Chinone umge- 
wandelt werden — fiir die Wir¬ 
kung verantwortlich ist, sondern 
anscheinend das konjugierte System 
—CO • CH : CH • CO— in m-Kon- 
figuration, da auch Maleinsaure, 
nicht aber Fumarsaure starke anti- 
mitotische Effektc hervorrufen. 

In letzter Zeit berichtete Mitchell 
{232) iiber eine therapeutische Anwendung der antimitotischen Wirkung der 
Chinone gegeniiber Carcinomzellen in Kombination mit Rontgenstrahlen. 

Uber antimitotische Wirkungen gegeniiber PflanzenzeVL^n ist bisher 
noch nicht viel bskannt g.worden. Nybom und Knutson {246) unter- 
suchten die durch 2-Methylnaphthochinon, weiters durch das Diacetat 
und das Diphosphat des entsprechenden rfydrochinons verursachte 
Hemmung der Mitose bei Allium cepa (Speisezwiebel). Die Autoren be- 
richten, daB sie insbesondere mit 2-Methyl-i,4-naphthochinon ungewohn- 
liche Formen der Mitosehemmung beobachten konnten. Die Chromo- 
somen verteilen sich in der Anaphase beliebig in zwei oder manchmal 
mehreren Gruppen an den Polen. Fiir diese Erscheinung wird der Name 
distributed e-mitosis'* (verteilte c-Mitose) vorgeschlagen. (Unter c-Mitose 
wird allgemein eine colchicinartige Hemmung der Mitose verstanden.) 



Abb. I. Der Wirkuiigsnicchanisnius antimitotischer 
Stoffe beini Tubifex-Ei. Der antimitotische Bereich 
\vird nach links vorn cytolytisrhen Bcreich (punk- 
tiert), nach rechts voiii eiitwicklungsstOrenclen 
Bcrcich (schraffiert) begrenzt. [Nach LkhMANN 
{205), (206).] 
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In ciner neuen Arbeit macht Reed (277) Chinone, welche aus Poly- 
phenolen entstehen sollten, fur die Verkiimmerung von durch Zinkmangel 
geschadigten Pflanzen verantwortlich. Er zeigt, dab cine Mitosehemmung 
vorlicgt, welche durch Cystein rtickgangig gemacht werden kann, und 
nimmt an, daB das Auftreten von Chinonen durch das Fehlen eines 
Enzymsystems bedingt wird, welches Zink fiir seine Funktion benotigt. 

Mutagene Effekte. 

Wahrend in den bisher berichteten Untersuchungcn hauptsachlich die 
entwicklungshemmende Wirkung der Subsianzen erforscht und auf mu¬ 
tagene Effekte weniger Wert gelegt wurde, so liegt das Hauptgewicht der Ver- 
suche von Levan und Tijo (209, 210) auf den mutagenen Wirkungen, Diese 
Forscher beniitzen die Wurzel von Allium cepa (Speisezwiebel) als Unter- 
suchungsobjekt und lassen eine Anzahl von Phenolen, aber auch />-Benzo- 
chinon und aromatische Amine vom Typus des /)-Phcnylendiamins auf 
diese einwirken. Sie konnen drei verschiedene wirksame Konzentrations- 
bereiche unterscheiden, von welchen der erste derjenige der allgemein 
toxischen Effekte, dcr zweite derjenige der c-mitotischen Wirkung ist 
und schlieBlich der dritte die chromosomen-verandernden Effekte zeigt. 
Die beobachteten Ph^nomcne sind Fragmentationen sowie Verklebungen 
der Chromosomen im Verlaufe der Mitose. 

Wahrend das einfache Phenol und andere Substanzen, aus welchen 
schwer Chinone entstehen konnen, geringe Effekte bewirken, sind Di- und 
Triphenole vom Typus des Brenzcatechins und Pyrogallols, welche leicht 
in Chinone iibergehen konnen, auffallend aktiv. Der Verfasser ist nun 
der Auffassung, daB die tatsachlich wirksamen Agentien in diesem Falle 
die Chinone sind, welche aus den Diphenolen entstehen, was wohl dadurch 
bekraftigt wird, daB die Wurzeln von Allium cepa eine stark wirksame 
Oxydase vom Typus der T3n:osinase aufweisen. Die Tatsache, daB 
^-Benzochinon etwas geringere Aktivitat zeigt als die genannten Poly- 
phenole, ist noch kein Beweis gegen diese Annahme, denn /)-Benzochinon 
zersetzt sich unter den von Levan und Tijo {209, 210) geschilderten Ver- 
suchsbedingungen sehr rasch, und es mag wohl sein, daB .gerade die 
dauernde fermentative Neubildung von Chinonen aus den Polyphenolen 
die hohe Wirksamkeit dieser Substanzen bedingt. 

Es ware iibrigens denkbar, daB auch die mutagene Wirkung von 
Phenolen, welche Hadorn (J09) bei Behandlung explantierter Ovarien 
von Drosophila melanogaster beobachten konnte, auf die Umwandlung des 
Phenols in chinoide Substanzen zunickzufiihren sei. Hadorn selbst halt 
es auf Grund gewisser UnregelmaBigkeiten in seinen Versuchsergebnissen 
ftir mdglich, daB nicht das Phenol selbst, sondem eine in kleinen Mengen 
vorhandene Begleitsubstanz fiir die Effekte verantwortlich sei. 

Es ist nicht unwahrscheinlich, daB viele der in der Literatur be- 
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richteten Wirkungen der Chinone auf das Pflanzenwachstum und viel- 
leicht auch auf Tiere durch die antimitotischen und mutagenen Effekte 
erklart werden konnen. 

Dies gilt z. B, von einer alteren Untersuchung iiber den EinfluB von /)-Benzo- 
chinon auf die Keirnung verschiedener Samen {2g2), weitcrs auch fiir eine quanti¬ 
tative Versuchsreihe iiber die Wirkungen verschiedener Chinone auf das Keimlings- 
wachstum von Lepidmtn sativum, welchc im hiesigen Laboratorium diirchgefiihrt 
wurde Hier ist es bemerkensvvert, daB die Chinone eine starkcre Hemm- 

wirkung entfalten als die von Kuhn und Milarbeitern (igj) beschriebenen Blasto- 
koline und sogar in maiichen Filllen das in dicser Richtiing besonders aktive Cumarin 
tibertreffen. 

Wirkungen der Chinone auf tierische Organismen. 

Wirkung von Chinonen auf Inveriehraten. 

Uber den EinfluB von Chinonen auf Tnvertebraten scheint, wenn wir 
von den schon abgchandelten Wirkungen der Echinochrome absehen, 
bisher noch nicht viel bekannt zu sein. 

Anfinsen (5) untersuchte den EinfluB von 2-()xy-3-(2'-mcthyloctyl)- 
1,4-naphthochinon auf die Zellteilung und die Atmung von Eiern von 
Arhacia punctulata. In Konzentrationen von io~’ bis io~® molar wurde 
etwa 50%ige Hemmung dor Atmung und vollstM.ndige Blockierung der 
Teilung bewirkt. 

Meyerhof und Randall (230) berichten, daB Adrenochrom und 
i,2-Naphthochinon-4-sulfonsaure cinen hemmenden EinfluB auf die 
Atmung, die Glykolyse und die Beweglichkeit bei Trypanosoma equi- 
perdum ausiiben, wobei Adrenochrom die aktivere Substanz ist. 

Versuche iiber die Einwirkung von Phcnanthrenchinon auf Kulturen 
von Glaticoma pyriformis Kahl wurden von Jones und Baker (160) aus- 
gefiihrt. Wenige Tropfen einer Idienanthrenchinonlosung, welche in eine 
auf einem Uhrglas befindliche Kultur der Organismen gebracht wird, 
bewirken, daB sich die einzelnen Individuen in Aggregationen zusammen- 
ballen. Die wenigen auBcrhalb dieser Aggregationen verbliebenen 
Organismen unterlagen bald der Giftwirkung des Phcnanthrenchinons, 
wahrend die Aggregationen auf noch nicht geklarte Weise imstande sind, 
den Einzelindividuen Schutz zu bicten, die nach Aufhoren der schSldlichen 
Einfliisse die Zusammenballung verlieBen und weiterleben konnten. Auch 
eine Anzahl anderer Chinone kann dieselben Itffekte hervorrufen. 

Eine Untersuchung aus dem Laboratorium des Verfassers (57, 130) 
befaBt sich mit der Giftwirkung verschiedener Chinone auf den Strudel- 
wurm Planaria gonocephala. Dieser Organismus hat die Eigenschaft, 
unter schadigenden Einfliissen, wie hoherer Temperatur, ultravioletter 
Strahlung imd toxischer Stoffe, vor dem Todeseintritt graduell zu zer- 
fallen. Es handelt sich hier um eine Histolyse, welche anfangs begrenzt, 
an bevorzugten Kdrperstellen auftritt und sich dann mehr oder minder 
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schnell auf den ganzen Organismus fortpflanzt. Bei rechtzeitigem Entzug 
der schadlichen Einfliisse ist der Warm imstande, die bereits zerfallenen 
Korperteile zu regenerieren. 

Unter den untersuchten Chinonen erwicscn sich Naphthazarin und 
Methylnaphthazarin am giftigsten, die Oxynaphthochinone Isonaph- 
thazarin und Lawson batten die geringste Wirkung. ^-Benzochinon, 
Toluchinon, 1,2-Naphthochinon, /)-Xylochinon sowie die Methoxy- 
benzochinone zeigten alle beachtliche Giftwirkung, wclche aber hinter 
derjenigen der Naphthazarine zuriickblieb. In fast alien untersuchten 
Konzentrationen der Chinone war Zerfall zu beobachtcn; eine Ausnahme 
fand sich nur bei den hdchstcn herstcllbaren Konzentrationen von Benzo- 
chinon und Toluchinon, welche Todeseintritt bei gleichzeitiger Fixicrung 
vcrursachten. Es diirftc sich hier um eine unspezifische EiweiBwirkung 
(Gerbung) handeln. Der Verlauf der Dosiswirkungs-kurven fiir die 
Zerfallseffektc laBt darauf schlieBen, daB der Primarvorgang eine Adsorp¬ 
tion des Wirkstoffes ist. 

Wenigcr typisch fiir die Einfliisse der Chinone auf niederc Tiere ist 
eine Untersuchung von Bergstermann {32) iiber die Wirkung der Sub- 
stanzen auf Blutegel-Bauchmarkpraparate. ^-Benzochinon verursacht 
bereits in Verdiinnung von i: 100000 leichtc Erregung des Zentren- 
apparates, wahrend i: 20000 eine sehr groBe Frequenzsteigerung bewirkt, 
welcher unter zunehmender Kontraktur schlieBlich bald irreversible 
Lahmung folgt. 


Wirkung von Chinonen auf Vertehraten, 


t)ber die Wirkungen von Chinonen auf Lebensfunktionen hoherer 
Tiere ist bcsonders von pharmakologischer Seite haufig gearbeitet worden. 
Hohe Konzentrationen verschiedener Chinone, so insbesondere der Benzo- 
chinon-derivate, verursachen lokale Gewcbsschadigungen, wie Nekrosen. 
Ein Bericht von Takizawa (joi) iiber eine cancerogene Wirkung von 
Chinonen scheint bisher keine Bestatigung gefunden zu haben. 

Eine wichtige und vielbearbeitete Erscheinung ist die durch Chinone 
verursachte Methamoglobinbildung, welche sowohl in vivo als auch in vitro 
beobachtet werden kann. Heubner und seine Schule haben diesem 
Effekt eine Anzahl von Experimcntalarbeiten gewidmet, welche in einem 
Ubersichtsreferat von Heubner {120) ausfiihrlich besprochen sind. Nach 
diesem Autor laBt sich die Reaktion des Hamoglobins mit dem Chinon 
auf das Bestehen einer Spannung zwischen zwei Redoxsystemen zuriick- 
fiihren, welche er wie folgt symbolisiert: 


Chinon 

I 

Hemoglobin 



Methamoglobin 

Hydrochinon 
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Die Bedingungen fiir die Bildung dcs rechtsstehenden Paares werden 
mit zunehmender Wasserstoffionenkonzentration giinstiger, was der 
gleichgerichteten Zunahme des Redoxpotentials des Chinon-Hydro 
' chinon-Systems entsprechen soil. 

Eine Arbeit aus dcm hiesigen Laboratorium [148) ergab allerdings bei 
Vcrgleich der Methamoglobinbildung durch Chinone verschiedenen Redox- 
potentials, daB dieses fiir das Vermogen der Substanzen, Mctliamoglobin 
zu bilden nicht absolut maBgeblich ist. So ist das 1,2-Naphthochinon, 
welches ein niedrigercs Redoxpotential besitzt als das /)-Benzochinon, 
der starkere Methamoglobinbildner. 

Die durch die Chinone verursachte Methamoglobinbildung erklart 
zwanglos die durch diese Stoffe verursachten Atmungsstbrungen, welche 
bis zum Erstickungstod fiihren konnen, da ja das Methamoglobin nicht 
imstande ist, die sauerstoffubeutragende Fimktion des Hamoglobins zu 
ubemehmen. 

Ober die Beeinfhissung des Zentralnervensystems liegen einige iiltere 
Arbeiten vor. So berichtete Baglioni schon 1900 iiber folgenden Ver- 
such {24 a ): 

Ein Frosch wird unter Aussclialtung dcs Herzens mil. einer Mischimg von gleichen 
Teilen defibrinierlem, kolierteni Ochsenblut iind physiologischer Kochsalzlosung, 
welcher das Chinon ziigesetzt wird, von der Aorta communis aus durchspUlt, wobei 
ein rhylhmlsch arbeitender Motor die Rolle des Herzens ubernimmt. Bei einer 
KfJiizentration von />-Bcnzocliinon von 1 : 600 in der Blutinischung gera,t dor Frosch 
nacli zwei bis drei PumpenstoBen in unaufhorliche fibrill^re Zuckungen, die manch- 
mal sogar tetanischen Charakter annehmen. Der Kffekl tritt aucli in einem Bein 
mit durchschniltencr Arteria ischiadica auf, was den Ursprung aiis dem Zentral- 
nervensystem beweist. Auf eine <dmliche Beeinflussimg deuten die bereits bcrichtcten 
Arbeiten von Bergstermann {32) iiber die Wirkung von Chinonen auf das Bauch- 
mark des Blutegels. 

Von verschiedenen Seiten wird iiber eine blutdrucksenkende Wirkung 
dcr Chinone an Ratten bei subcutaner oder peroraler Applikation be- 
richtet (97, 290). Dieser Effekt laBt sich vielleicht dadurch erklaren, daB 
die Chinone eine aktivierende Wirkung auf das Hypertensinasc-System 
ausiiben sollen (66), wobei diese Angabe wohl noch der Dberpriifung 
bedarf. Eine andere Moglichkcit des Mechanisraus dieser Wirkung wird 
von Soloway und Oster (295) besprochen. Sie zeigten, daB die hoch- 
druckerregenden Amine durch verschiedene C/hinone in vitro inaktiviert 
werden. Eine ausfuhrliche Behandlung unserer derzeitigen Kenntnisse 
iiber die beim Zustandekommen des essentiellen Hochdrucks beteiligten 
Faktoren findet sich bei Schales (284). 

Allgemein toxikologische Arbeiten iiber einzelne Chinone, welche in grbfierer 
Anzahl — so insbesondere bei den vitamin-K-aktiven Stoffen — vorgenommen 
wurden, bieten in diesem Zusammenhang nur geringes Interesse. Es mag immerhin 
erwaihnt werden, dafi anscheinend Derivate des 1,4-Naphthochinons allgemein 
eine geringere Giftigkeit aufweisen, als sie /7>Benzochinon-derivatexi zukommt. 
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Zugefiihrte Chinone scheinen im Korpcr zu den entsprechenden Hydrochinonen 
reduziert zu warden, wobei der Organismus sie dann meist in konjugierter Form, 
z. B. als Glucuronide oder als Ester von Aminoskuren, ausscheidet. Das erstere 
gilt z. B. vom 3,5-Dimethoxytoluchinon, wkhrend das einfache Toluchinon in 
der Form seines Hydrochinons mit Aminoskuren konjugiert wird ( 101 ). 


Der mogliche Mechanismus von Chinonwirkungen. 

Es ist verstkndlich, dal 3 gerade dadurch, daB die Chinone einfache, 
leicht variierbare Substanzen sind, ein gewisser Anreiz fiir die Unter- 
sucher besteht, Aufklarung iiber den Mechanismus einiger der vielen be- 
schriebenen Wirkimgen zu suchen. 

Eine Anzahl von Effekten, und zwar alle diejenigen, welche durch 
verbaltnismaBig hohe Konzentrationen verursacht werden, lassen sich 
dadurch crklaren, daB die Chinone eine unspczifische ,,eiweiBgerbende'‘ 
Wirkung austiben. In der Industrie madit man schon seit vielen Jahren 
von dieser Eigenschaft Gebrauch; /)-Benzochinon wird bei der Her- 
stellung bestimmter Ledersorten verwendet, wenn auch die Chinon- 
gerberei nur in einem geringen Umfang betrieben wird, da der hohe Preis 
einen ausgiebigeren Gebrauch verbietet. Meist wird die Chinongerbung 
in Kombination mit anderen Gerbstoffen vorgenommen. 

Es sind anscheinend vor allern, wenn auch nirht ausschlieBlich, die 
freien Aminogruppen der Proteine, welche mit den Chinonen reagieren. 
Dies diirfte in ahnlicher Weise vor sich gehen, wie es Fischer und Schra¬ 
der (92) bei der Keaktion des Glykokollathytesters mit Benzochinon 
beobachtet batten: in diesem Falle konnen zwei Aminogruppen in den 
Chinonkern treten, woftir Wassorstoff freigesetzt wird, welcher das 
Chinon teilweise reduziert. 


O 



+ zHgN-HgC • COOC2H5 


-4H 
-► 


HjCjOOC-HgC-HN II 



II NH-CHj-COOCgHg 
O 


(CXXVI.) Reaktion von />-Benzocliinon mit GlykokoUcstcr. 


Hilpert und Brauns fiihrten Modellversuche mit Benzochinoii und Hautpulver 
durch { 123 ). Aus der Menge des verbrauchten Chinons und der Menge des gleich- 
zeitig gebUdeten Hydrochinons Ikfit sich auf den Typus der Reaktion zwischen 
Chinon und Protein schlieBen. Tritt nur eine Aminogruppe in den Chinonkeni, 







Vorkommen und biochemisches Verhalten der Chinone. 


217 


so mufi sich fiir zwei angewandte Chinonmolekiile ein Molekiil Hydrochinon in der 
Ldsung bilden; wenn hingegen Disubstitutionsprodukte entstehen sollten, so miiBten 
auf drei Molekiile Chinon zwei Molekiile Hydrochinon entfalien: 

(A) 2 CeH^Oa + NH^* i? - CeHgOglNH• i?) + 

(B) 3 CeH402 + NHg- Ji CeH202(NH• i?)^ -f 2 

In saurem, neutralem und alkoholischem Medium verlauft die Roaktion eindeutig 
nach Typus A. Es diirfte also nur eine Aminogruppe mit einem Chinonmolekiil 
reagieren. In alkalischem Medium findet ein SekundarprozeB statt; es bilden sich 
polymere Oxychinone, welche vom Protein vermutlich adsorptiv aiifgcnommen 
werden. Aber auch dann diirfte die Reaktion ziim groBten Teil nach A verlaufen. 

Ein Refund von Thomas und Foster {306) inacht es wahrscheinlich, daB auBer 
den Aminogruppen auch noch andcre Gruppen dcs Proteinmolekiils mit Chinonen 
reagieren kdnnen. Die Autoren beobachteten, daB desaminiertes Hautpulver 
auch im sauren Bcreich — also cdine Bildung poly merer Oxychinone - imstande 
ist, sich mit Chinonen umzusetzen. Dieser Befund liiBt sich (lurch eine Reaktion 
der Chinone mit den SH-Griippen der Cystcinreste im EiweiBmolekiil erklaren. 
Kuhn und Beinert (191} haben vor einiger Zeit Modellversuche fiber die Ein- 
wirkung von Chinon auf Cysteinester-chlorhydrat durchgefiihrt und konnten die 
Bildung wohldefinierter helerozyklischer Kondensationsprodukte beobachten. 

In (3lner neuen, au'^fuhrlichen Arbeit ub:‘r die chemi«chcn Vorgangc bei der 
Cierbung (108 a) wird auch die Chinongerbung entsprcchend abgehandelt. 

Die biologischc Bedeuti^ng der EiweiBgerbung (lurch Chinone bei verschiedeneii 
Klassen der In vertebra ten wurdc bereits auf S. 194 besprochen. 

Eine weitere, rocht unspczifische Wirkung mancher Chinone ist die Fahigkeit, 
Aminosauren oxydativ zu desaminieren. Die Reaktion verlituft nach Wieland 
und Bergel (322) iiber die Bildung einer Iminos^ure, welche dann COg abspaltet. 
Das so gebildete Produkt wird zu Aldehyd und Ammoniak dehydriert. 

R • CH • COOH — 2 H i? • C • COOH ^ R • CH 

I - -<■ I! — COj II HjO jf.cHO + NHj 

NH, (Chinon) nh * NH 

(CXXVII.) Aminosaurcabbau (lurch Chinone. 

Dieser Vorgang ist von Kisch und Mitarbeitern (168) quantitativ untersucht 
worden. Eine groBe Anzahl von Chinonen ist in obigem Sinne wirksam. Es werden 
durchaus nicht alle Aminoskuren desaminiert; als geeignete Substrate erwiesen 
sich bisher bei Versuchen in vitro Glykokoll, Serin, Leucin, weiters auch Glykokoll- 
athylester, Glycyl-glycin und Glycyl-tyrosin, hingegen werden Isoleucin, Alanin, 
Valin, (x-Aminobuttersaure sowie )S?-Alanin nicht desaminiert. Inwieweit dieser 
Reaktion eine Bedeutung beim Zustandekommen biologischer Wirkungen der 
Chinone zukommt, muB heute noch offen bleiben. 


Wirkung der Chinone auf Enzyme, 

Verhaitnism^fiig spezifischer sind die Effekte, welche die Chinone 
gegeniiber einer groBen Anzahl von Fermenten ausiiben, wobei heute die 
Meinung der meisten Autoren dahin geht, daB wir bei diesen Wirkungen 
den Schiiissel fiir viele durch Chinone verursachte biologische Effekte zu 
suchen haben, Die^s Gebiet ist deshalb in den letzten Jahren von zahl- 
reichen Forschem bearbeitet worden; es muB allerdings zugegeben werden, 
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daB die in diese Arbeitsrichtung gesetzten Hoffnungen sich bisher nur 
teilweise erfiillt haben. 

Die Chinone kbnnen anscheinend die einzelnen Fermente auf ver- 
schiedene Arten beeinflussen. So reagieren sie vielfach mit Sulfhydryl- 
gruppen, welche fiir die Enzymaktivital notwendig zu sein scheinen; 
dieser Mechanismus diirfte dcr haufigste sein, wenngleich nicht bei alien 
Fermenten, in welchen fiir die Wirkung unentbehrliche SH-Gruppen vor- 
liegen, tatsachlich durch Chinone Hemmung eintritt. Bei Enzymen, 
welche Redoxvorgange katalysieren, konnen die Chinone dadurch, daB 
sie selbst Redoxsysteme darstellen, in diese Vorgange eingreifcn, wobei 
ihr Effekt als cine Art Redox-pufferwirkung anzusehcn ist. In vielen 
Fallen ist es allerdings zweifelhaft, auf welche Wcise die Beeinflussung 
eines Fermentsystems durch ein Chinon zustande kommt. 

Unter den esterspaltenden Enzymen sind es insbesondere die Phos~ 
phatasen, iiber deren Hemmbarkcit durch Chinone einiges bekannt ist. 
Schon 1942 konnte Sizer (294) eine Hemmung der alkalischen Phospho- 
monoesterase (aus Nierengewebe) durch ^-Bcnzochinon beobachten. 
Unsere Untersuchungen (145, 146) bcschaftigten sich mit Phosphomono- 
esterasen vcrschiedenen Ursprungs, darunter sowohl solche mit saurem 
als auch mit alkalischem Wirkungsoptimuni. Alle diese Fermente waren 
durch eine groBcre Anzahl von Chinonen in gleicher Weise hemmbar. 
Die Wirkungsreihen fiir die einzelnen Chinone stimmten gut iiberein, so 
daB auf einen gleichartigen Hcmmungsmechanismus sowohl fiir die drei 
untersuchten Phosphomonoestcrasen aus Hefe als auch fiir die ent- 
sprechenden Fermente der Niere, der Prostata und des Serums ge- 
schlosscn werden muB, 

Die Pankreaslipase und die Serumcholinesterase (Pferd) erwiesen sich 
hingegen gegeniiber dem EinfluB von Chinonen als unempfindlich (iJ5), 
obwohl beide Enzyme als Sulfhydryl-fermente angesehen werden. 

Versuche fiber die Wirkung von Chinonen auf die Amylasen des 
menschlichen Speichels und der tierischen Pankreasdruse (133) ergaben, 
daB diese beiden Fermente durch Chinone iiberhaupt nicht beeinfluBt 
werden, wenn sie durch die Anwesenheit von Salzen aktiviert sind; in 
Abwesenheit solcher Aktivatoren iiben hingegen Chinone eine merkbare 
aktivierende Wirkung aus. 

Eine Hemmwirkung des /)-Benzochinons auf die Urease wurde 1933 
etw'd gleichzeitig von Quastee {266) sowie Hellermann und Mitarbeitern 
(1x3) festgestellt. Die Annahme, daB das Redoxvermogen des Chinons 
fiir diesen Effekt verantwortlich ist, wurde jedoch bald darauf durch 
Fischgold (94) widerlegt, welcher zeigen konnte, daB Substanzen ver- 
gleichbaren Redoxpotentials keinerlei Wirkung auf die Urease haben, so 
daB es sich hier um eine spezifische Fahigkeit des Chinons handelt. Eine 
sp 3 .tere Arbeit aus dem Laboratorium des Verfassers stellte eine Wirkungs- 
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rcihe verschiedcner Chinone gegeniiber der Urease auf Dabci 

konnte festgestellt werden, daf 3 durchaus nicht dicjenigen Chinone. 
welche die starkste antibiotische Aktivitat entfalten, aiich auf die Urease 
die groBte Hemmwirkung ausiiben. In letztcr Zeit berichton Schopfer 
und Grob (28g) iiber den Einflufi verschicdener Naphthochinon-dcrivate 
auf die Ureasewirksamkeit. Ihre wichtigste Beobachtung ist, daB Sub- 
stanzen mit Vitarnin-K-Aktivitat, z. B. 2-Methyl-1,4-naphthochinon, 
imstande sind, die durch andere Naphthochinone bewirkte Hemmung 
zumindest teilweise riickgangig zu machen. 

Die Wirkung der Chinone auf die Ihcasc durftc allgenicin darauf 
beruhen, daB diese Siibstanzen mit Sulfhydrylgruppen des Enzyms 
rcagieren, welche fiir dessen Aktivitat wesentlich sind. Durch Zugabe 
von verschiedenen Thiolverbindungen (Natriumsulfid, Cystein, Gluta- 
thion) laBt sich die Urease in ihrer Wirksamkeit reaktivieren, was sehr 
fiir die Richtigkeit der obigen Annahme spricht. 

Untcr den protcolytischen Fermenten ist insbesondere der EinfluB von 
Chinonen auf das Papain und die Hcfeprotcinase naher untersucht wordcn. 
Bersin und Logemann (j6 ) konnten schon 1933 die Hemmbarkeit des 
Papains durch /)-Benzochinon nachweisen. Hellerman und Perkins 
(1T4) ha ben diese Erscheinuiig cingehend gepriift und schlagen den folgen- 
den Mechanisnius fiir die Wirkung von Oxydationsmitteln auf das Papain 
vor: 

Oxydalion 

2 Eiizyni—SH __w Hnzym—S—S—Enzym -f H 

(aktiv) ^ (inaktiv) 

Reduktion 

Nach Versuchen aus dem Laboratorium des Verfasscrs (132) ist es 
allerdings unwahrscheinlich, daB diese Verhaltnissc so einfach liegen, da 
sonst anzunehmen ware, daB verschiedenc Chinone entsprechend ihrem 
Redoxpotential imstande wiiren, die Aktivitat des Papains zu hemmen, 
was aber nicht der Fall ist. Das Papain verhalt sich gegeniiber den 
einzelnen Chinonderivaten in sehr ahnlichcr Weise wie die Urease, was 
auf einen gleichartigen Hemmungsmechanismus hindeutet. 

Eine Arbeit iiber die Wirkungen verschicdener Chinone auf ein Hefe- 
proteinase-praparat (144) ergab, daB dieses Ferment in seinem Verhalten 
gegeniiber den Chinonen weitgehend dem Papain analog ist. Bei diesen 
Versuchen beobachteten wir gewisse Ubereinstimmungen zwischen der“ 
Hemmwirkung der einzelnen Chinone gegeniiber diesem Hefeferment und 
der durch dieselben Chinone verursachten Wachstumshemmungen bei 
der Hefe. Trotzdem ist es meines Erachtens unwahrscheinlich, daB hier 
ein kausaler Zusammenhang besteht, da heute wohl die allgemeine Auf- 
fassung dahingeht, daB die eiweiBsynthetisierenden Fermente nicht mit 
den eiweiBspaltenden identisch sind. 
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Ein Bericht iiber die Hemmbarkeit einer Proteinase aus Mycodefma-PiXten 
durch />-Benzocliinon war dem Verfasser nur im Auszug zug^nglich (42). 

Noch unveroffentlichte Versuche aus dem hiesigen Laboratorium (136) mit 
dem «-Toxin von Clostridium welchii, welches starke abbauende Wirkung gegen- 
iiber Kollagen hat, zeigen, daB auch dieses Toxinferment durch Chinone gchemmt wird. 

Der Befund, daB die Hypertensinase durch Chinone aktiviert wird, ist schon 
an anderer Stelle erwahnt wordeii (66). 

Kuhn unci Beinert (190, 192) bcrichteten, claB die Brenztraiihensdure- 
carboxylase aus Hefe sehr ehinonernpfindlich ist, was auch durch unsere 
Versuche bestatigt werdcn konnte {140), Die Wirkungsreihe dcr einzelnen 
Chinone gegeniiber der Carboxylase ist von denjenigen gegeniiber anderen 
Fermenten sehr verschieden, was auf einen ungleichcn Mechanismus der 
Hemmwirkung schlieBen laBt. 

Bei ihren schon bcrichteten Versuchen iiber die Wirkung von 
Chinonen ?i\xi Monolinia fnicticola konnten Foote und Mitarbeiter (9^ 

S. 208) einen bemerkenswerten Parallelismus zwischen Carboxylase- 
hernmung und fungistatischer Wirksamkeit feststellin. 

Auch iiber eine Hemmung der Transaminasen ist berichtet worden [4y), 

Schon seit langcrer Zeit ist der lienimende EinfluB von Chinon auf die 
Wasserstoffperoxydzersetzung durch Kaialasc bekannl. Alexejew und 
Russinow'a (2) untersuchten bereits 1928 diesen Effekt, wobei sie />-Benzo- 
chinon auf ein Blutkatalase-praparat einwirken licBen. Versuche im 
Laboratorium des Verfassers zeigten, daB fast alien Chinonen der Benzo- 
chinon- und Naphthochinonreihe cine Hemmwirkung gegeniiber der 
Aktivitiit von Katalasen aus Blut und aus Kinderleber zukommt (131, 
ijg). Ein ahnlicher Effekt wird auch durch die chinoide Struktar be- 
sitzenden Indophenole verursacht (134). 

Ober die Beeinflussung der Wasserstoff und Elektronen iibertragenden 
Fermente durch Chinone ist noch nicht viel bekannt, obwohl nach An- 
sicht des Verfassers gerade die Erforschung dieser Effekte Aussicht bietet, 
Mechanismen mancher Chinonwirkungen aufzukliiren. 

Die Aldehyd-dehydrogenase der Milch wird nach Wieland und Mitchell {326) 
durch ^-Benzochinon in ihrer Wirksamkeit gehemmt. Ebenso verhalten sich die 
Alkohol-dehydrogenasen der Hefe und des Acetobacier peroxydans (323, 32^). 

Genauere Untersuchungen liegen iiber die Wirkung von Chinonen auf das 
Bernsieinsdure-oxydase-System vor. Dieses wird sowohl durch />-Benzochinon {33, 
324, 325) als auch durch verschiedene Naphthochinon-derivate — darunter die 
malariawirksamen Verbindungen von Fieser (S. 204) — schon durch geringe 
Konzentrationen in seiner Aktivitat gehemmt (27, 121). Von den beiden bekannten 
Enzymbestandteilen des Systems ist es die primer an der Bernsteins&ure angreifende 
Bernsteinsauredehydrogenase, welche beeinfluBt wird, wahrend die Cytochrom- 
oxydase gegeniiber Chinonen unempfindlich zu sein scheint. Interessanterweise ist die 
Bemsteins^ure, also das Substrat des Ferments, imstande, dieses gegen die Chinon- 
wirkung teilweise zu schiitzen, da Fermentlbsungen, welche in Abwesenheit des 
Substrats dem EinfluB der Chinone ausgesetzt werden, viel st&rkeren Aktivitats- 
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verlust aufweisen als solche, welchen die Chinone in Anwesenheit von Bernstein- 
saure zugesetzt warden. 

Eine von SUllmann {300) berichtete Hemmwirkung von /)-Benzochinon 
gegeniiber dem ungesattigte Fettsauren oxydierendcn Ferment Lipoxydase wird 
von diesem Forscher mit der allgemcinen antioxygenen Wirkiing des Chinons er- 
klart, wornnter man wohl eine Redoxpufferung verstehen soli. 

Meyerhof und Randall {230) untersuchten den EinfluB von Adreno- 
chrom und i,2-Naphthochinon-4-sulfonsaure auf die Glykolyse in Gehirn- 
extrakten. Die beiden Substanzen vcrursachen eine betrachtliche Hem- 
mung dieses Vorganges. Die Autoren halten es fiir wahrschcinlich, daB 
hiefiir die Aktivitatshemmung von Hexokinase und Phosphohexokinase 
verantwortlich ist. Dcmnach handelt es sich in diesem Falle um eine Be- 
einflussung derjenigen Fermente, welche einen Phosphatrest von Adenosin- 
triphosphat auf Glucose bzw. 6-Phosphof rue lose iibertragen. Die Wirkung 
von i,2-Naphthochinon-4-sulfonsaure auf die Glykolyse des Gehim- 
extrakts ist etwa fiinfmal so stark wie diejenige des Adrenochroms. 

Die oben bcrichteten Versuche von Meyerhof und Randall iiber den EinfhiB 
der gleichen Chinone auf die Atmung, die Glykolyse und die Beweglichkeit von 
Trypanosoma equiperdum ergaben, daB auch diese Vorgkngc in ahnlichen Konzen- 
trationen wie im Gehirncxlrakt von Adrenochrom gehemmt werden, wkhrend 
grdficre Mengen des Naphlhochinons fiir diese Effekte erforderlich sind. 

Die Entdeckung des Naphthochinon-dcrivats Solanion (XXI; S. 162) 
als Stoffwechselprodukt von Fusariam solani Dg violett (3iy) veranlaBte 
Nord und Mitarbeiter (70 ,220 a, 244,243,316), den EinfluB des Pigmentes 
sowie verwandter Naphthochinon-Derivate auf die Lipoidbildung ver- 
schiedener Fusarium-Alien zu priifen. Es zeigte sich, daB ein grund- 
legender Unterschied im Verhalten von selbst Pigmente produzierenden 
Fusarien und solchen, welche keine Farbstoffe bilden, besteht. Solanion 
hat keinen EinfluB auf die Fettproduktion von pigmentbildenden Fusarien, 
hingegen werden z. B. bei Ftisarium Uni Bolley, welches keinen Farbstoff 
erzeugt, sowohl das Mycelgewicht, also das Wachstum, wie auch die b'ett- 
bildung sehr stark verringert; es scheint dabei eine Veranderung des Fett- 
stoffwechsels stattzufinden. Das unter dem EinfluB von Solanion ent- 
stehende Fett enthalt weitaus groBere Mengen an ungesS,ttigten Fett¬ 
sauren (Jodzahl 138), wahrend der unbeeinfluBte Organismus ein Fett 
mit der Jodzahl 84 erzeugt. 

In ahnlicher Art scheinen dem Solanion verwandte Naphthochinone 
auf den Fettstoffwechsel von Fusarium Uni Bolley einzuwirken. Auch 
hier wird weniger Kohlenhydrat zu Fett umgesetzt, was beweist, daB die 
Chinone einen EinfluB auf diejenigen Fermentsysteme ausiiben, welche 
fiir die Umwandlung von Kohlenhydrat in Fett verantwortlich sind. Als 
wirksamstes Chinon envies sich das Naphthazarin, welchem das2-Methyl- 
1,4-naphthochinon und das Solanion folgen; diesen reihen sich Phthiocol, 
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Methylnaphthazarin, 1,4-Naphthochinon und Oxydroseron an. In alien 
Fallen zeigt sich glcichzeitig cine Wachstumshemmung; so verursachcn 
bereits 4 mg Naphthazarin in einem Liter Kulturmedium vollstandige 
Aufhebung des Wachstums. 

In einer Arbeit aus neuester Zeil berichten Maselli und Nord {220 a)^ 
dal 3 der EinfluB vcrschiedener Naphthochinone auf die Zusammensctzung 
der Gcsamtlipoide bci Fiisarium Uni hauptsachlich darin besteht, daB 
groBere Mengtn von ungesattigten Sauren (Linolsaure, Linolcnsaure, 
wahrscheinlich aueh Olsaure) gebildet wcrden. Lie Sterinmenge ist hin- 
gegen gegcniiber den Kontrollversucheri vennindert. 

Die Fetibildiing der Heje wird durch Chinone in einer ganz anderen 
Art beeinfluBt (141). Durch die meisten der Substanzen wird die Gesamt- 
lipoidmenge nicht verandcrt; Toluchinon, 5-Mcthoxytoluchinon und 
Naphthazarin steigcrn sogar die Fettproduktion. Die Chinone sind aber 
bei der Hefe imstande, die Zusammensctzung der Lipoidfraktion grund- 
legend zu verandern, dies crfolgt durch eine Erhdhung des Sterinantciles 
im Gesamtfett. Jedenfalls steht es eindcutig fest, daB die Ferment- 
systeme, welche fiir die Lipoidbildung in der Hefe verantwortlich sind, 
mit denjenigen, welche die gleichc Funktion bei Fusarium Uni ausiiben, 
in ihren Eigenschaften und in ihrer BeeinfluBbarkeit nicht iibereinstimmen. 

In einer kiirzlich crschienenen MittJlung berichten Bernhauer 
und Mitarbciter {33 a) iiber eigenartige Effekte verschiedener Chinone 
auf den Glucoseabbau durch Khizopus oryzae. Bei bestimmten Konzen- 
trationen wird die Milchsaurebildung gefordert, die Alkoholbildung 
hingegen gehemmt. 

Die vorhergehende Aufzahlung der verschiedenen Wirkungen von 
Chinonen auf einzelne Fermente und Fermentsysteme ist, wie sich der 
Verfasser wohl bewuBt ist, nicht dazu geeignet, dem Leser Klarheit uber 
die Mechanismen der biologischen Chinonwirkungen zu verschaffen. Tat- 
sachlich sind bisher nur wenige Falle der Ubereinstimmung von Bio- 
effekt und Enzymbeeinflussung in vitro aufgefunden worden. Meistens 
wird die Chinonbeeinflussung cines biologischen Systems ihr Zustande- 
kommen der gleichzeitigen Wirkung des Chinons auf verschiedene Fer- 
mentc verdanken, wobei in vielen Fallen schwer zu bestimmen ist, 
welche Komponente entscheidend ist {128), AuBer den Fermentbeein- 
flussungen sind auch noch andere Faktoren zu beriicksichtigen; so konnen 
Parallelen zwischen Enzymbeeinflussung und Wirkung durch das ver¬ 
schiedene Eindringungsvermogen der einzelnen Substanzen in die Zelle 
Oder das Gewebe verwischt werden. 

Fiir die Annahme, daB in den meisten Fallen die biologische Wirkung 
der Chinone eine Anzahl von Enzymbeeinflussungen und anderen Fak¬ 
toren umfaBt, sprechen z. B. die auf S. 207 zitierten Versuche iiber die 
Wirkung der Chinone auf verschiedene Lebensfunktionen der Hefe. 
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Es wurde unter gleichartigen Bcdingiingen der EinfluB auf Garung, 
Atmung, Glykolyse, Fettbildung, Sterinproduktion sowie vcrschiedene 
isolierte Enzyme der Hefe gepnift, und es konnte in keinem Falle ein 
Parallelismus zwischen den Wirkimgen auf die einzclnen Systeme fest- 
gestellt werdcn. Ebensowenig ergaben sich Parallelen zwischen einem der 
besprochenen Enzymsystemc und dcm Wachstum. WennmandenMechanis- 
mus einer Chinonwirkung erforschen will, wird es einer sehr genauen 
Analyse der Komponenten bediirfen, aus welchen die Gesamtwirkung 
ziisammengesetzt ist. 

Schlief 31 ich soli hier noch cine Ersclieinung geschildert werden, welche 
von den bisher beschriebencn Effekten (zumindest auBerlich) verschieden 
ist und der vielleicht in manchen Fallen beini Zustandekommen bio- 
logischer Chinonwirkungen eine gewisse Bedeutung zukommt. Bei einigen 
Naphthochinonen wird ein biochemischer Antagonismus gegenuber 
vitamin-K-aktiven Substanzeii vermutet (332), Wie erwahnt, ist Vita¬ 
min Kg in manchen Bakterienarten nachgewiesen worden. Die Organismen 
miissen also die Fahigkeit habcn, das Vitamin zu synthetisieren, und os 
ist anzunehmen, daf 3 dieses eine noch unbckannte Funktion im Stoff- 
wechsel jener Bakterien ausiibt. In einem Falle, bei Mycobacterium phlei 
(JoHNEsBazillus), konnte gezeigt werden, daB dieser Organismiis, welcher 
in Abwesenheit eines nicht identifiziertcn Faktors im Medium nicht ge- 
deiht, bei Zusatz von Phthiocol oder 2-Methyl-i,4-naphthochinon, also 
zwei vitamin-K-aktiven Substanzen, zum Nahrboden auch ohne den 
unbekannten Faktor wachsen kann, obzwar dieser nicht mit einer der 
beiden Substanzen identisch ist. 

Bei Annahme einer wesentlichen Rolle der vitamin-K-aktiven Sub¬ 
stanzen im Stoffwechsel mancher Bakterien ist es nun vorstellbar, daB 
strukturell ahnliche Verbindungen, welche aber diese Funktion nicht 
ubernehmen kdnnen, den Stoffwechsel dadurch storen, daB vsie (gerade 
vermoge ihrer strukturellen Ahnlichkeit) jene Stellen der Zelle besetzen, 
an welchen das Vitamin K seine Wirksamkeit entfaltet; das letztere wird 
dadurch an der Erfiillung .seiner Funktion gehindert. 

Tatsachlich konnte Woolley (331) beobachten, daB die Wirkung des 
2,3-Dichlor-i,4-naphthochinons gegenuber verschiedenen Mikroorganis- 
men durch Zugabe von 2-Methyl-i,4-naphthochinon oder Vitamin K^ 
teilweise aufgehoben wird, was der Autor als'emen Beweis dafiir wertet, 
daB hier ein Antagonismus des 2,3-Dichlor-i,4-naphthochinons gegenuber 
vitamin-K-aktiven Substanzen vorliegt. Seine Ergebnisse konnten von 
verschiedenen Forschem bestatigt werden (137, 288). 

Trotzdem spricht manches dagegen, daB man diese Ersclieinung den klassischen 
FMlen von biochemischem Antagonismus gleichsetzt. So ist es bisher noch nie 
gelungen, gerade in den Mikroorganismen, bei welchen die erwahnten Effekte am 
besten nachweisbar sind, nd^mlich bei Hefen und anderen niedrigen Pilzen, vitamin- 
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K-artige Stoffe naclizuweiscn. Waiters ist, im Gegensatz zu anderen Fallen von 
biochemischem Antagonisnius, ein tlberschuB der vitamin-aktiven Substanz zur 
Aufhebung der Wirkung des Dichlornaphthochinons erforderlich. Der Verfasser 
halt es deshalb fiir wahrscheinlich, daB es sich hier um einen weniger spezifischen 
Vorgang handelt als in den anderen Fallen, wclche als ,,biochemischer Antagonis- 
mus" bezeichnet werden, Der Mcchanismus konnte darauf beruhen, daB das weit 
ungiftigere vitamin-K-aktive Produkt imstande ist, das Dichlornaphthochinon 
von seinem Angriffspunkt im Organismus zu verdrangen und dadurch dessen Wirkung 
aufzuheben. Dafiir spricht auch besonders, daB Schopfer ( 28 g) bei seinen auf 
S. 2T9 erwahnten Versuchen iiber die Urease eine Abschwachung des mit ver- 
schiedenen hochwirksamen Subsianzen erzielten Hemmungseffektes durch 2-Methyl- 
naphthochinon beobachtcn konnte. Da der Urease im Stoffwechsel der von Woolley 
untersuchten Mikroorganismen sicher nicht eine derartig bedeutende Rolle zukommt, 
daB ihre Hemmung gleichzeitig eine starke Wachsturnsverminderung zur Folge 
hatte, das Vitamin K abcr anderseits auch an der Wirkung der Urease bestimmt 
unbeteiligt ist, kann dieser Verdrangungsmechanismus nur wenig spezifisch sein. 

Schlufibemerkung. 

Die Chinone sind scit mehr als einem Jahrhundcrt bekannt. In dieser 
Zeit sind mehr als hundert zu dieser Klassc gehorendc Substanzen als 
Naturstoffe entdeckt und grdfitcnteils strukturell aufgeklart worden. 
Trotzdem ist es erst in den letzten fiinfzehn Jaliren gelungen, iiber die 
Funktionen einiger weniger dieser Stoffe (Vitamine K, Echinochrome) 
Klarheit zu erlangen, wiilirend sonst die biologischc Rolle dievSer Sub¬ 
stanzen noch so gut wie unerforscht ist. Ebenso wissen wir heute kaum 
etwas iiber die Biosynthese der Chinone. Es stehen auf diesem Gebiete 
noch viele Probleme offen, fur welche man interessante Losungen erhoffen 
darf. 

Unsere Kenntnisse iiber die biologischen Wirkungen der chinoiden 
Substanzen sind ebenfalls durch die Arbeit der letzten Jahre sehr er- 
weitert worden, doch auch hier sind noch wesentliche Liicken zu fiillen. 
Der praktische Nutzen der Erforschung dieser Probleme beginnt sich 
allerdings bereits zu zeigen: Vitamin-K-Praparate haben in der Therapie 
allgemein Eingang gefunden und dasselbe kann man von den von Fieser 
und Mitarbeitern entdeckten Naphthochinon-derivaten mit Antimalaria- 
wirkung erhoffen, Halogenierte Naphthochinone finden in der Schad- 
lingsbekampfung Verwendung. Es ist mit Bestimmtheit anzunehmen, 
daB auch noch manche andere Substanzen der Chinongruppe praktisch 
verwertbare Wirkungen zeigen werden. 
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I. Introduction. 

In their monumental work “The Cactaceae“, Britton and Rose {ig) 
record 1235 species belonging to the three tribes which constitute the 
family of the Cacti. The actual number of the species must be con¬ 
siderably higher. 

Cacti occur frequently in the more arid and less accessible regions of 
the American Continent, nearly always within very narrow and definite 
borderlines. The habitat of a species is in many instances a single valley 
located in a remote, uninhabited region of the Cordillera. Thus the 
collection of flowering specimens fit for botanical identification is some¬ 
times extremely difficult. 

On the other hand, cacti arc apt to develop individual variations in 
their characteristic morphological features, rendering the definition of 
a species difficult and often illusory. Specimens taken from their normal 
habitat to botanical gardens or arboreta often die, degenerate or stop 
flowering. 

Taking into account all these difficulties, it is not surprising to find 
considerable differences of opinion among botanists on the taxonomy of 
the cactaceae. A considerable number of species have not been well 
defined and in many cases different names have been given to the same 
species. The index of Britton and Rose records not less than 7000 
binomials. 

The study of the chemical composition of the cacti is even more 
arduous and, for the reasons given above, trustworthy material is not 
easily obtained owing to taxonomic difficulties, the geographical distrir 
bution and the very limited areas of dispersion. In some instances costly 
expeditions must be organized; the collected material must be transported 
for long distances and the preservation of this material, containing up 
to 90% water, is difficult. Finally, existing phytosanitary regulations 
should not be overlooked. 

The data foxmd in the literature on the chemical composition of cacti 
are meager and incomplete. Although the occurrence of alkaloids has 
been denoted in some 30 species, in many instances the material examined 
has been scanty and not well defined. The chemical constitution of the 
bases is known only with reference to nine species. 

Nevertheless, we do know that cacti are alkaloidipherous; future 
studies undoubtedly will show the presence of many new alkaloids and 
the occurrence of some known alkaloids will be demonstrated in further 
species. 

Cactus alkaloids are of simple chemical constitution. They are either 
substituted /?-phenylethylamines, evidently related to the naturally 
occurring aromatic amino acids (tyrosine, dihydroxyphenylalanine, etc.), 
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or they are tetrahydroisoquinolines that could originate from the bases 
just mentioned by condensation and cyclization through the action of 
simple organic compounds containing only one or two carbon atoms in 
their molecules. 

Obviously, under these conditions, it will be quite possible to find 
bases of the same type in plants of widely separated botanical families 
or even in products of animal metabolism. It has, therefore, been con¬ 
sidered convenient to include in the present survey not only alkaloids 
isolated from the cacti but also a number of naturally occurring bases of 
similar constitution. Amino acids, epinephrine, ephedrine and related 
compounds will only be mentioned without going into details. We will 
also point out certain relations and implications within the wider field 
of general biochemistry. We have tried to compile a rather complete 
bibliography and to include all essential experimental data known on 
this subject, since a great number of pertinent papers have been published 
a number of years ago or in journals with a rather limited circulation. 

General surveys on cactus alkaloids have been published previous!}' 
by Reti [162, 164, 166) as well as by Spath and Becke {201 ); see also 
the book of Hobschette (77) and the chapter on alkaloids of the cactaceac‘ 
in Henry’s monograph (65); for peyote cf. Ewell (55), Safford {181), 
Reutter (169) and Amorosa (r). 

II. Historical. 

Centuries before the white man arrived, the Indian tribes of the 
Southern part of North America, from Oklahoma and Arkansas through 
almost the whole of Mexico, used and revered the peyote. 

The chroniclers of the Spanish conquest of Mexico are the first who 
mention this drug and describe its use and properties. Bernardino de 
Sahagtjn, a Franciscan monk and missionary, writes as follows in his 
'’Historia General de las Cosas de Nueva Espana” (the manuscript, 
dated 1560, was printed only in 1829) • “There is another plant like earth 
nopal, called peyote; it is white, grows in the Northern parts, and produces 
in those who eat or drink it terrible or ludicrous visions; the inebriation 
lasts for two or three days and then disappears. The Chichimecas eat it 
commonly, it gives them strength and incites them to battle, alleviates fear, 
and they feel neither hunger nor thirst, and they say it protects them from 
every kind of danger.” 

This first reference to peyote summarizes in a remarkable manner all 
our knowledge on the nature of this astonishing drug. Sahagitn also 
points out accurately the botanical nature of the plant which is a ”tuna 
de la tierra”, i.e., a cactus. The word ”tuna”, of Mexican origin, is used 
in Spanish America only to indicate cacti. 
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In Britton and Rosp:’s monograph (19), however, it is claimed that 
Sahagun supposed the plant to be a fungus and termed it teonanactl or 
“sacred mushroom’*. In 1591 Doctor Cardenas in his book, “Primera 
parte de los problemas y secretos maravillosos de las Indias”, mentions 
the “satanic” plant called peyote, used by the Mexican indians to evoke 
the devil and predict the future. The naturalist Francisco Hernandez, 
who lived during the reign of Philip II, described the same plant in his 
book “Quatro libros de la Naturaleza y virtudes de las plantas y animales 
que estan recividos en el uso de Medicina en la Nueva Espaha”, Mexico 
1615 (published in 1790). He says that those w^ho ate its root could predict 
the attacks of enemies, their fortunes in the future or reveal the hiding 
place of stolen goods. The Catholic church attributed diabolic properties 
to the magic effects of peyote and urged the priests to make inquiries 
about it in the confessional. Nicolas de Leon (1611), Jacinto de la 
Serna (1626), Bartolomeo de Alua (1634) and Father Josit Ortega 
(1754) mentioned the peyote and called it “raiz diabolica”. 

As the Spaniards conquered Nayarit, they were astonished by the 
extraordinary resistance of the defenders of the Sierra de Alica. Eating 
Y>eyote, they could walk several days without water, food or sleep 
(Mathias de la Motta Padillas: Historia de la Conquista de la Nueva 
Galicia; written in 1742, printed in Mexico 1870). 

The use and cult of the peyote remained alive among the Indian 
tribes of the area mentioned in spite of church and state prohibitions. 
Merchants in Indian territories call it mescal or mescal buttons, the 
Mexicans on the Rio Grande, pellote, peyote or peyotl. 

Petrullo reported (132) that in 1918 a numerous sect, restricted to 
Indians, was founded in Oklahoma. It was called the “Peyote-Church” 
and joined in a strange synthesis old Mexican, Christian and local 
religious rites. 

Further details and bibliography on the uses and religious cult of the peyote 
will be found in Lewin {104-107), Mooney {122), Diguet {31), Lumholtz {117), 
Newberne and Burke {124), and especially in the books by Rouhier {180) and 
Beringer (ij). 

Up to 1886 nothing was known of the nature and character of the 
“mescal buttons”. At that time Louis Lewin, travelling in America 
came to know the plant and obtained si>ecimens which he examined. 
Hennings recognized it as a new sj^ecies of Anhalonium and named the 
plant Anhalonium lewinii. Lewin’s examination showed that the drug 
contained alkaloids, and a crystallized base, anhalonine, was isolated. 
However, anhalonine is not responsible for the sensory excitation caused 
by peyote. Lewin’s discovery raised considerable interest in the pharma¬ 
cological effect of the drug and in the chemical compounds which account 








for it. This interest was extended to the whole family of the Cactaceae, 
which, until then, had been considered as being free of alkaloids. 

In 1894 Heffter (38-63) started to study the cacti from chemical 
as well as from pharmacological points of view. He isolated anhaline 
from Anhalonium fissuratum and pellotine from A. williamsii. In 1896 
Heffter (60) was able to isolate and identify the active hallucinatory 
principle of A. leimnii. This new alkaloid was called mezcaline. At the 
same time two other bases were separated, viz. anhalonidine and lopho- 
phorine. In 1899 Kauder {8y) found in the same plant a new alkaloid, 
anhalamine, and the already known pellotine. In 1901 Heyl examined 
different species of cacti and discovered pectenine in Cereus pecten 
ahoriginum (75). The same author isolated carnegine from Carnegiea 
gigantea (76) in 1928. 

Up to 1919 little was known about the chemical structure of the cactus 
bases. In this year Spath published the first of a series of important 
papers on **Anhalonium alkaloids’*. This work was continued up to 1939 
and includes also the bases contained in a few other cactaceae 
{192-215). 

The clarification of the structure and the syntheses of all of the 
members of this class of compounds of such biochemical interest, must 
be credited to Spath and his collaborators. The accomplishment is all 
the more remarkable since Spath had to contend with a scarcity of 
material; several fundamental structures were determined on very 
small samples, left over from Heffter's and Heyl’s experiments. 

Spath and his co-workers isolated from Anhalonium lewinii, in 
addition to the already mentioned bases, anhalinine and anhalidine 
in 1935 (199, 200); N-methyl-mezcaline in 1937 (203); N-acetyl-mezcaline 
in 1938 (204), and O-methyl-^i-anhalonidine (205) in 1939. Spath 
established also the structure of carnegine and proved that Heyl’s 
“pectenine” and carnegine were identical (196, 211). In collaboration 
with Orekhov (212, 206) he established conclusively the constitution 
of the alkaloids of Salsola richteri (Chenopodiaceae). The bases of this 
plant show remarkable structural analogies with the cactus alkaloid 
carnegine. 

In 1933 Reti (161) isolated hordenine and a natural quaternary 
base, related to the former, viz. candicine, from the Argentine cactus 
Trichocereus candicans. The same bases were found later in other 
Trkhocereus species (167, 49). A new quaternary base, cor5meine, was 
isolated from Stetsonia coryne in 1934 by Reti, Arnolt and 
Luduena (168), Trichocereine, a new cactus alkaloid, together with 
mezcaline, were found in the Argentine giant cactus Trichocereus 
terscheckii [Reti (X63)]. 
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III. Occurrence of Alkaloids in Cacti. 

As mentioned above, only a few species belonging to the family of 
the Cactaceae have been examined from a chemical point of view. 
However, the early investigations of Lewin {104-107), Heffter {58-64) 
and Heyl (75, 76), and the more recent onesof Herrero-Ducloux (68-^2), 
Reti (161-168) and others, seem to indicate that the faculty of producing 
and storing alkaloidal substances should be considered one of the charac¬ 
teristics of this botanical family. This ability is more noticeable in the 
tribe of the Cereae, while in the few species of the Opuntiae investigated, 
only minor quantities of basic substances have been found. No observation 
of the existence of alkaloids in members of the third tribe,—the Pereskieae— 
has been recorded so far. 

Alkaloidal substances have been isolated from the species given in 
the following list, in which the botanical denomination of the original 
publications has been adhered to, adding, when necessary, the synonyms, 
in the first place those mentioned in the monograph by Britton and 
Rose (tq). 

List of Cactaceae from Which Alkaloids of Known Structure 
Have Been Isolated. 

I. Anhalonium lewinii (Hennings). 

Lophophora williamsii (Lemaire) Coulter; Britton and Rose. 

Echinocactus lewinii (Hennings). 

Anhalonium williamsii (Lemaire) etc. 

In the chemical literature Anhalonium lewinii, A. williamsii and 
A . jourdanianum are mentioned as different species. However, botanists 
definitely recognize only one species (Britton and Rose; Schumann). 
It would be worth while to investigate, using fresh and well identified 
material, whether only pellotine is present in A, williamsii as stated 
by Heffter. Such findings may give support to a revision of the taxonomy 
of these cacti. 

The plant grows from Central Mexico to Southern Texas, and is an 
object of commerce, carried out by some of the Indian tribes, although 
this is forbidden by law. The globular plants are sliced into 3 or 4 sections 
and then dried in the sun; these dried pieces are the “mescal buttons" 
of the trade. 

The plant is also known as pellote. peyote, peyotl; it is called challote 
in Starr County, Texas. Interest in the cactus alkaloids arose when the 
remarkable use by the Indian tribes and the strange pharmacological 
properties of this little plant were known. 

Eleven bases have been isolated from Anhalonium lewinii : mezcaline, 
N-methyimezcaline, N-acetylmezcaline, anhalamine, anhalidine, anhalinine. 
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anhalonidine, pellotine, 0-methylanhalonidine, anhalonine, and lopho« 
phorine (192-215, Sy, 104-ioi), An extensive study on various varieties 
of peyote and their alkaloidal contents was published by Beccari (10). 

2. Anhahnium fissuratum (Engelmann). 

Ariocarpus fissuratus (Engelmann), Schumann. 

Known as '‘living rock*’. Occurrence: Western Texas; northern 
Coahuila, and Zacatecas, Mexico. 

According to Heffter (5^) it contains anhaline (hordenine). 

3. Cereus pecten-aboriginum (Engelmann). 

Pachycereus pecten-aborigintim (Eng.), Britton and Rose. 

Grows in Chihuahua, Sonora, Colina, Lower California, Mexico. 
Examined by Heyl (75), it was found to contain pectenine (identical 
with carnegine). 

4. Carnegiea gigantea (Engelmann), Britton and Rose. 

Cereus giganteus (Engelmann). 

This is the “saguaro’', the giant cactus of Arizona. The Saguaro 
blossom is the official state flower of the state of Arizona. Occurrence: 
Arizona, Southeastern California, and Sonora, Mexico. According to 
Heyl (76) it contains carnegine, 

5. Trichocereus candicans (Gillies), Britton and Rose. 

Occurrence: Northwestern Argentina, Cordoba, San Luis, Mendoza, etc. 
Niedfeld (125) first observed the presence of alkaloids in this plant. 

Lewis and Luduena (108) studied the pharmacological properties of 
extracts; later Reti (i6j) isolated from the same species hordenine 
(o,5~5%) as well as the quaternary base, candicine (0,5-5%). The 
natural ratio of the two alkaloids varies widely. 

6. Trichocereus lamprochlorus (Lemaire), Britton and Rose. 
Occurrence: same as that of the former. 

It contains the same alkaloids as T. candicans, but in smaller 
quantities (767). 

7. Trichocereus terscheckii (Parmentier), Britton and Rose. 

Giant cactus of Argentina, called “carddn grande’'. Occurrence: 
Northwestern Argentina, La Rioja, Catamarca, Tucuman, etc. 

In contains, according to Reti (j6j), trichocereine and mezcaline. 

8. Trichocereus spachianus (Lemaire), Riccobono. 

Occurrence: Western Argentina (Britton and Rose). Argentine 
authors question this statement. 

It contains candicine (49). 

9. Stetsonia coryne (Salm-Dyck), Britton and Rose. 

It is one of the most striking tree-like cacti in South America and 
often forms the dominant feature of the landscape on the high plains 




Cactus Alkaloids anti Some Related Compounds. 249 


of Northern Argentina. Occurrence: Cordoba, La Rioja, Santiago del 
Estero, etc. 

Reti, Arnolt and Luduena (16S) found in this cactus coryncine 
(1%), an interesting quaternary catechol compound. 

List of Cactaceae Which Contain Alkaloids of Undetermined 

Structure. 

1. Opuntia vulgaris (Miller). 

Grows in Argentina, Uruguay, Brazil, Cuba, etc. Faiveley { 36 ) reports having 
found alkaloids in the flowers. I'alco and Hilburg {jy) found basic substances in 
the stems, which precipitate with alkaloid reagents. 

2. Cereus grandiflorus (Miller). 

Selenicereus grandiflorus (Linnaeus), Britton and l^osE. 

Grows in Jamaica and Cuba. The drug was recommended as a heart tonic. 
Sultan {2 iy ) isolated 2% of an alkaloid called cactine. 1'ue presence of alkaloids 
was confirmed by Boinkt and Boy-Teissier {13). 

3. Mamillaria centricirrha (Lemaire). 

Neomamillaria magnimamma (Haworth), Britton and Rose. 

Occurrence: Central Mexico; Heffter (6j). 

4. Phyllocactus ackermannii (Salm-Dyck). 

Epiphyllum ackermannii (Haworth). Britton and Hose list it as a hybrid. 
Grows in Mexico; Heffter (6i). 

5. Phyllocactus russclianus (Salm-Dyck). 

Schlummhergera russcliana (CiARDNER), Britton and Hose. 

Found in the Organ Mountains, Brazil; Heffter (6j). 

6 . Echinocactus myriostigma (Salm-Dyck). 

Astrophytum myriostigma (Lemaire). 

It grows in Northern Central Mexico; Heffter (6j). 

7. Cereus peruvianus (Linnaeus) Miller. 

Occurrence: Southeastern coast of South America; Heffter (6i). 

8 . Echinocereus mamillosus (RCmpler). 

Listed as a hybrid by Britton and Rose; Heffter { 61 ). 

Q. Echinocactus visnaga (Hooker). 

It grows on the highlands of San Louis Potosi, Mexico. Britton and Rose 
record a single plant 3 meters high, 1,3 meters in diameter, weighing 2000 kilograms. 
Cf. Heffter (6j). 

10. Anhalonium prismaticum (Lemaire). 

Ariocarpus reiusus (Scheidweiler). 

Occurrence: States of Coahuila, Zacatecas and San Louis Potosi, Mexico; 
Heffter (5^). 

11. Mammillaria uheriformis (Zuccarini). 

Dolichotele uheriformis (Zuccarini), Britton and Rose. 

It grows in Central Mexico; Lewin (106). 

12. Rhipsalis conferta (Salm-Dyck). 

Rhipsalis teres (Vellozo) Steudel. 

It grows in the States of Minas Geraes, Rio de Janeiro and Sao Paulo, Brazil; 
Lewin { 106 ). 
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13. Pilocereus argeniianus (Orcutt). 

Lophoccrcus schottii (Engelman), Britton and Rose. 

Occurrence: Southern Arizona, Lower California, Sonora, Mexico. Heyl (75) 
found in this plant considerable amounts (5,8%) of an amorphous base, m.p. 
called pilocereine, C30H44N2O4. Amorphous salts; 13,48% methoxyl. 

14. Pachycereus marginatus (De Candolle), Britton and Rose. 

Occurrence: Hidalgo, Queretaro, Guanajuato, Mexico. Roca {175) found in 
this cactus some unidentified alkaloids, furthermore, tyrosine and tyrosinase. 

15. Gymnocalycium gihbosum (Haworth) Pfeiffer. 

Occurs in Argentina. Herrero-Ducloux {69) isolated from this plant small 
amounts of alkaloids, with reactions similar to those of mezcaline, anhalonine and 
lophophorinc. 

16. Gymnocalycium multiflorum (Hook), Britton and Rose. 

Occurrence: Argentina (Ccirdoba, Catamarca), Brazil, Uruguay, Paraguay. 
Herrero-Ducloux {71) found very small quantities of an alkaloid, similar to the 
^-alkaloid of Gymnocalycium gihbosum (mezcaline-like). 

17. Echinopsis cyriesii (Turpin) Zuccarini. 

Occurs in Southern Brazil. Uruguay and Entre Rios, Argentina. Herrero- 
Ducloux [68) states the presence of very small quantities of alkaloids. 

18. Tfichoccreiis sp. afj. T. Tevscheckii, 

Herrero-Ducloux [72) found small amounts of a non-phenolic base. 

19. Trichocereus thelcgonoicles (Spegazzini), Britton and Rose. 

Occurs in Northern .Argentina. It contains alkaloids [4^). 

•20. Trichoccrcus thelegonus (Weber), Britton and Rose. 

Occurs in Northwestern Argentina (Tucumdn). It contains alkaloids (49). 

21. Trichocereus huascha (Weber), Britton and Rose. 

Occurs in Northern Argentina (Catamarca). It contains alkaloids (49). 

IV. Location of the Alkaloids in Tissues of the Cacti. 

Only very few observations are available on this subject. Janot 
and Bernier {80) found that in pellote, the alkaloids are almost exclusively 
located in the internal cells of the cortical parenchyma at the top of the 
plant. In Trichocereus candicans, Niedfeld (125), utilizing microchemical 
methods, observed that the alkaloids are mostly situated in the chloro- 
phyllaceous cortical parenchyma. In Trichocereus terscheckii (Reti, 
unpublished), the following comparative estimations have been made: 
green epidermis (dry), 0,29%; and central parts, including cortical 
parenchyma (dry), 0,45% of total alkaloids. 

V. Extraction and Isolation of Cactus Alkaloids. 

Fresh cacti, with a water content of 90-95% are difficult to handle; 
the juice is not easily separated from the fibers and the presence of 
mucilaginous substances causes trouble during extraction. Thus, it 
is preferable to dry the plants immediately after they are collected, 
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in order to avoid losses and deterioration. The plants should be cleaned, 
the spines extracted with nippers, and the remaining material cut in 
thin slices and dried in the sun or better in a low temperature dryer 
(40-~6o°), The dried substance is easy to grind and the powder can be 
stored of necessary. 

The powdered material is extracted following the usual procedure. 
Extractions of the drug and isolation of the alkaloids from Anhalonium 
lewinii have been described by Heffter (60), Kauder {8y), Tomaso (219), 
Spath and Becke (20j), as well as by Steiner-Bernier (216); and the 
extraction of alkaloids from Pilocereus sargentianus and Cereus pecten- 
aboriginum, by Heyl (75, 76). 

The following is a practical procedure, with general applicabilit}-. 

The powdered material is extracted with alcohol (85-95%) in a 
Soxhlet or in a percolator. K small amount (1%) of acetic or formic 
acid may be added. The extract is filtered and concentrated in vacuo 
to a small volume. Water is added and the last traces of alcohol are 
eliminated by evaporation under reduced pressure. An intensely colored 
wSolution is obtained in which resins, chlorophyll, etc., are often suspended. 
The decanted and still acid solution is extracted several times with ether, 
in order to eliminate impurities; it is- then made alkaline with ammonia 
or sodium carbonate and the alkaloids are extracted with ether, chloroform 
or another suitable .solvent. Thus, a crude solution of the free bases 
is obtained, which can be purified by shaking the solution with dilute 
mineral acids: some non-basic substances remain in the solvent and the 
alkaloids transfer to the aqueous layer, Alkalinization, followed by further 
extraction with a solvent, gives a relatively pure solution of the free bases. 

From Anhalonium lewinii as many as eleven bases have been isolated. 
Spath and Becke’s process (201) runs as follows: The drug is extracted 
with cold alcohol and the aqueous .solution of the syrup obtained by 
evaporating the extract in vacuo is treated with dilute hydrochloric 
acid. The filtered solution is alkalinized with .sodium hydroxide and 
extracted with ether. The ether solution {a) contains the non-phenolic 
bases; the aqueous solution {b), the phenolic bases. 

(a) After evaporation of the solvent the free bases are distilled in vacuo. On 
treatment -with dilute sulfuric acid, mezcaline sulfate crystallizes. The filtrate from 
the same is alkalinized. extracted with ether and the bases treated with HCl (1:6): 
Anhalonine hydrochloride crystallizes. By evaporating the mother liquors crystals 
of anhalinine hydrochloride are separated. After a complicated treatment of the 
filtrate, a further quantity of mezcaline and a little lophophorine can be obtained. 

(b) The solution is neutralized with HCl and, after adding potassium carbonate, 
extracted with ether. The residue of the evaporated solvent is dissolved in HCl and 
anhalamine hydrochloride crystallizes. The mother liquors are concentrated and 
alcohol is added: anhalonidine hydrochloride crystallizes. From the filtrate pellotine 
is obtained as picrate. 
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In some cases it may be advantageous to extract the alkaloids from 
the alkalinized dried plant with low boiling solvents, such as ether, 
chloroform, etc. Orekhov and Proskurnina {128) doubled the yield 
of salsoline by using dichloroethane instead of alcohol to extract the 
powdered herb of Salsola richteri. In view of Reti's discovery of quaternary 
ammonium bases in several cacti, special care should be taken not to 
overlook their presence. Isolation procedures have been described by 
Reti and his co-workers for Trichocereus candicans (161), Trichocereus 
lamprochlorus (i6y), and Stetsonia coryne {168), The alkaline aqueous 
solution, from which all the soluble bases have been extracted, is acidified 
and the quaternary bases are precipitated with suitable reagents, such 
as picric acid, picrolonic acid, Mayer's solution, etc. From the precipitate 
the quaternary ammonium salts can be recovered; for example, caiidicine 
iodide has been prepared by treating the suspension of the precipitate 
(obtained with Mayer’s reagent) with hydrogen sulfide. 


VI. The Chemistry of the Cactus Alkaloids and Some 
Related Natural Bases. 

A. /3'Phenyletbylamines. 

CH, 

1. fi-Phenykthylamine,, |' 

\/ NH, 

Phenylethylaniine has been isolated in many instances from the 
putrefactive decomposition products of proteins [cf. Guggenheim (^6)]; 
but is also occurs as a plant constituent. Leprince {103) found in mistletoe 
a base which should be regarded as phenylethylamine; and White {228) 
isolated the compound from many species of acacia. It does not occur 
in cacti. 

/^-Phenylethylamine is a colorless oil, with strong alkaline reaction, = 0,9580, 
b.p. 198° (760 mm.). It is slightly soluble in water, readily soluble in alcohol and 
ether. Hydrochloride, m.p. 217°; oxalate, m.p. 218°; picrate, m.p. 171-174®; chlor- 
aurate, m.p. 98-100°: the chloroplatinate crystallizes from alcohol containing HCl 
in golden leaflets, (CgHnN’HChjPtCh; it is insoluble in water, m.p. 253-254°. 

CH, 

2. N-Methyl-p-phenylethylamine, ^ was isolated 

NH-CHg 

by Yurashevskii {231, 232) from the Chenopodiacea Arthrophytum 
lepiocladum M. Pop, where it occurs together with dipterine (N-methyl- 
tryptamine) and leptocladine (3:4-dimethyl-314:5:6-tetrahydro-4-carb- 
oline). 
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Colorless oil, b.p. 73-75° (4 mm.). Hydrochloride, m.p. i 61“J62°, picrate 
141-142° (from alcohol): picrolonate, m.p. 217-218° (from alcohol): chloroplatinate, 
m.p. 220-221°; methiodide of the methyl compound, m.p. 227—228°. 

CHj 

NHj 

Tyramine, as a secondary degradation product of tyrosine can be 
expected to appear in several metabolic and fermentation processes 
involving proteins. Many observations of this nature are surveyed by 
Guggenheim [46). It occurs, however, also as an unquestionable primary 
constituent both in the animal and vegetable kingdom. Barger (j, 4) 
found small quantities in ergot, accompanied by other bases [see also 
Freudweiler (^o); Funck and Fink (.^)]. It occurs together with 
tyrosine and histamine in the salivary or venom glands of cephalopods 
[Henze (66, 67); Bottazzi (17)]. Crawford and Watanabe 29) 
found the same base in several species of American mistletoes, viz. 
PhoradendroH flavescens, Ph. villosum, Ph. calijornicum. Ostemberg (130) 
isolated tyramine from the amines of the European mistletoe, Visctmi 
album. Ullmann [222) considers tyramine as the active principle of 
the thistle, Silybum marianum. According to Schmalfuss and 
Heider (1S2) the common broom, Sarothamnus scoparius, contains 
tyramine and 3:4-dihydroxy-phenylethylamine. Tyramine has not 
yet been found in cacti. 

Tyramine crystallizes from alcohol in white, hexagonal leaflets, m.p. i6i°; 
b.p. 175-178° (8 mm.): it is soluble at 15° in 95 paits of water and in 10 parts of 
hot alcohol; slightly soluble in amyl alcohol, much less in ether or chloroform. Well 
crystallized salts; Hydrochloride, from cone. HCl, very soluble in water, m.p. 
268-269°. Picrate, m.p. 206°. Dibenzoate, m.p. 174°. Dicarbomethoxy derivative, 
m.p. 100,5°; oxalate, m.p. 203-204°. 


3. Tyramine (/>-Hydroxy>/ 3 -phenylcthylamine), CgHnON, 


Barger {4) synthesized the base by reduction of />-hydroxyphenyh 
acetonitrile with sodium. Two other syntheses have been described by 
Barger and Walpole (9): A ^-hydroxy group was introduced into 
phenylethylamine by nitration, reduction, diazotization, etc.; or anis- 
aldehyde was converted into ;^-methoxyphenylpropionamide, from which, 
by Hofmann degradation, tyramine was obtained. Rosenmund [176) 
condensed anisaldehyde with nitromethanc, reduced first the co-nitro- 
styrene compound to the oxime, which, in a second operation stage was 
reduced to the amine. Elimination of the o-methyl group gave tyramine. 
Kondo and Shinozaki (92) simplified the Rosenmund synthesis by 
reducing the nitrostyrene compound electrolytically to />-methoxy- 
phenylethylamine. Slotta and Altner {187) prepared tyramine starting 
from phenylethylbromide by nitration, reduction etc. Further syntheses 
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have been described by Koessler and Hanke (91), Kindler and 
Peschke {8g)y and Buck (21, 22). 

A well known method of preparation is the thermal decarboxylation 
of tyrosine. Waser {224) has improved the 5deld by heating the amino 
acid suspended in a high boiling solvent. 


4. Hordenine (Anhaline, ^-hydroxy-)8-phenylethyl-dimethylamine), 




CH„ 



Hordenine. 


K'Ha 

CH* 


/ 

■\ 


N 


CH« 


This compound was found first in the cactacea Anhalonium jissuratum 
by Heffter {58) in 1894 and named anhaline. In 1906 Leger (^4-102) 
isolated from barley malt germs a base, which he called hordenine. 
Gaebel (43) made the same discovery almost simultaneously. Sub- 
.sequently, it was shown by Spath that anhaline is identical with horde- 
nine Hashitani (55, 56) found hordenine in other cereal seedlings, 

e.g. barley {Hordeum sativum) contains 0,17%, Panicum miliaceum 
0,24%, and Andropogon sorghum 0,07%. Some other cereal seedlings 
contained only traces. Reti (161) found hordenine and the corresponding 
quaternary ammonium-base called candicine in the Argentine cacti 
Trichocereus candicans (0,5-5%) Trichocereus lamprochlorus (0,3%) 
(267). Torquati {221), Reilhes {160) and Raoul (242-250) have studied 
the formation of hordenine during the germination of barley. Unsprouted 
barley contains no hordenine; but as soon as four days after germination 
the alkaloid content reaches a peak (0,45%) and disappears again after 
about a month. 

Hordenine gives a positive Millon test. 

Methods of estimation have been described by Janot and Faude- 
MAY {81), Hashitani (56), Arnolt (2), Raoul (246), Gonnard (44), 
and Pedinelli (jjj). 


The base crystallizes well in colorless prisms, m.p. 117-118°; b.p. 173-174° 
(u ram.); it sublimes at 140-150°; is readily soluble in water, alcohol, ether, and 
chloroform. It shows an alkaline reaction and liberates ammonia from its salts. 
Hordenine forms the following well-crystallized salts: Hydrochloride, m.p. 176,5 to 
^77»5°; sulfate, m.p. 209-211°; picrate, m.p. 139-140°; picrolonate, m.p. 219-220°; 
methiodide, m.p. 230-231°; acetyl-hordenine hydriodide, m.p. 176-177°; reineckate, 
m.p. 176-178° (44)] benzoylhordenine, m.p. 47-48°. 


L6ger (200) showed that 0 -methyl-hordenine methiodide 3delds 
trimethylamine and />-vinylanisole. 0-acetylhordenine is oxidized to 
^-acetoxybenzoic acid. Hordenine is therefore ^-hydroxy-j 5 -phenyl- 
cthyl-dimethylamine which has been confirmed by several syntheses. 
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Barger (5) starting from phenylethyl alcohol obtained phenylethyl 
chloride, which, when heated with dimethylamine, yielded dimethyl- 
phenylethylamine. By nitration, reduction, diazotization, etc., a base 
identical with natural hordenine was obtained. Kosenmund (J77) 
condensed ^-methoxybenzaldehyde with nitromethane and reduced 
the obtained nitrostyrene to ^-methoxy-phenylethylarnine. With methyl 
iodide a mixture of bases was formed from which, after demethylation 
with boiling HI, hordenine was obtained in a low yield. Voswinckel (223) 
treated ^-CH30*C(jH4C0*CH2Cl with dimethylamine, eliminated the 
O-methyl with HI and reduced to hordenine. Ehrlich and Pistschi- 
MUKA (34), converted tyrosol, (^)-H0*C3H4*CH2*CH20H, into^-hydroxy- 
phenylethylchloride, HO*CqH 4-CH2*CH2C1, which, with dimethylamine, 
yielded hordenine. 

Spath and Sobel {213) as well as Kindler {8g) followed more com¬ 
plicated routes for the synthesis. Raoul (142,144) obtained hordenine 
(in 50% yield) by methylating tyramine with formaldehyd and formic 
acid. 

5. Candicine (/>-hydroxy-^-phenylcthyl-trimethyl-ammonium hy- 
droxidc), Ci,Hi,OaN, CH, 

\/ N(CH,)3 [OH]- 

Candicine. -|- 

was found by Reti (161) in the Argentine cactus, Trichocereus candicans 
and by Reti and Arnolt {i6y) in T, lamprochlorus. In both plants it 
is accompanied by approximately the same amounts of hordenine; 
however, the ratio of the two bases is variable. T. candicans may contain 
as much as 5% candicine, while T, lamprochlorus has only o,3-o,5%. 
Candicine occurs also in T. spachianus (49). 

Candicine, like other quaternary compounds, cannot be extracted 
with some usual solvents. It was isolated by precipitating the purified 
plant extract with Mayer’s reagent; by treating the precipitate with 
hydrogen sulfide the base was then recovered in the form of its iodide. 

Candicine forms well crystallized salts. The slightly soluble iodide is typical; it 
has been known for a long time as hordenine methiodide, m.p. 230-231®; picrate, 
m.p. 162 to 163°; chloroplatinate, m.p. 208-209°: chloroaurate 127-128°; iodo- 
mercurate (precipitated with Mayer's reagent), m.p. 187°. 

Candicin gives a red color reaction with Millon’s reagent. Candicine 
iodide when heated with silver hydroxide gives the free base which 
upon heating with alkali yields trimethylamine. 0 -Methylcandicine is 
converted by permanganate oxidation into anisic acid. The candicine 
structure has been established by comparing the derivatives of the 
natural base with those obtained from synthetic hordenine methiodide. 
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6. 0-MethyUyramine-N-methykinnamide,‘^-(2-p-dJi\sy\ethy\y'i!^-mei\iyV 
cinnamide, C19H21O2N, 




CH, 


jCHg Xv' 


CH,0 - 


N-~CO-CH=CH 


CH3 

La Forge and Barthel (gj) isolated this compound from the bark 
of Southern prickly ash, Zanthoxylum Clava Herculis Lam., where it 
occurs together with berberine and asarinin. It has been obtained syn¬ 
thetically by the same authors who treated 0 ,N-dimethyltyramine with 
cinnamyl chloride. 

The amide crystallizes from petroleum ether; m.p. Hydrolysis gives 

cinnamic acid and O.N-dimcthyltyramine. Hydrochloride of the amine, m.p. 
181-182'^; picrate, m.p. 112°. Oxidation gives anisic acid. 


7. j-Hydroxy-tyr amine (3:4-dih3^droxy-j8-phenylethylamine), CgHnOgN, 


CH, 


HO— 
HO 




iCH., 

NH« 


3 Hydroxy-tyramine. 


ScHMALFUSS and Heidkr (182) identified the blood pressure-raising 
substances contained in the pod of the common broom, Sarothamnus 
scoparius {Cytisus scoparius L.), as tyramine and hydroxy-tyramine. 
Both may be considered as melanin precursors. The amines were isolated 
with the help of their carbomethoxy derivatives. Buelow and Gisvold 
{23) found hydroxy-tyramine in the roots of Hermidium alipes S. Watson, 
a Nyctaginacea. This compound has not yet been isolated from cacti, 
but the corresponding quaternary base is the cactus alkaloid coryneine. 
Another such alkaloid, carnegine, may be considered as a bio-product of 
the interaction of hydroxy-tyramine and acetaldehyde, followed by 
methylation. As a matter of fact, Schopf and Bayerle {183) obtained 
a surprisingly high yield of nor-carnegine, by carrying out this condensation 
under mild (“physiological'') conditions, i.e. at pn 5 and 25®. 


Hydrochloride, white crystals, m.p. 241° (uncor.); hydrobromide, m.p. 212®; 
tricarbomethoxy derivative, m.p. 92-93°; tribenzoyl derivative, m.p. 141°; picrate, 
m.p. 189°; styphnate, m.p. 206°. 


The base can be obtained by heating 3:4-dihydroxy-phenylalanine 
above the melting point. A synthesis starting from tyramine was de¬ 
scribed by Waser and Sommer (223), According to Holz and Credner 
(78), tyramine, in aqueous solution, when irradiated with ultraviolet 
light in the presence of air, is partly converted into 3:4-dihydroxyphenyl- 
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ethylamine. The same substance appears when oxygen is bubbled through 
a solution of t5Tamine and ascorbic acid. In both cases hydrogen peroxide 
seems to be an intermediate product. 


8. Coryneine (hydroxy-candicine; 3 : 4-dihydroxy-/?-phenylethyl- 

trimethyl-ammonium hydroxide), CuHi^OgN, 


CHj 

N(CH,)3 [OH]- 

Coryneine. -p 


This interesting quaternary base was isolated by Reti, Arnolt and 
Luduena (168) from the Argentine Cactus Stetaonia coryne, following the 
same technique as applied in the case of candicine. Special precautions 
had to be taken to avoid degradation of this sensitive catechol compound. 
The plant contains approximately 1% of the base. 

The composition of the chloride, m.p. 200®, obtained by treating the 
solution of the iodide with silver chloride, was found to be CnHigOgNCl. 
The molecule is methoxyl-free, however, three N-methyl groups are 
present. By 0 -methylation and subsequent permanganate oxidation, 
veratric acid is formed. Coryneine salts give the characteristic color 
reactions of catechol derivatives. 

Coryneine and candicine, are interesting examples of substances found 
in nature long after they had been synthesized in the laboratory. Barger 
and Ewins (( 5 ) prepared synthetic 3:4-dihydroxy-^-phenylethyltrimethyl- 
ammonium chloride. Barger and Dale (7) studied its sympathomimetic 
action (1910). The natural and the synthetic substance showed identical 
pharmacodynamic effects. 


9. Mezcaline (3:4: 5 -trimethoxy-/ 9 -phenylethylaminc), CuH^OaN. 


CH, 

CH,0— 


CH,0-^ 


3 I f 


H, 


NHg 


Mescaline. OCH 3 

Mezcaline, the active hallucinatory principle of the “mescal buttons’" or 
“pellote”, was isolated by Heffter (6o) in 1896. Pellote (Anhahnium 
lewinii) contains up to 6% mezcaline. Reti [163) observed the presence 
of mezcaline in the Argentine cactus Trichocereus terschecki, which con¬ 
tains 0,2% trichocereine (dimethyl-mezcaline) and 0,05% mezcaline. 
Herrero-Ducloux (69) had supposed that one of the bases extracted 
from the cactus Gymnocalycium gibbosum was mezcaline. 


Microchemical reactions of mezcaline have been described by Rossndhalbr 
{179), Herrero-Ducloux (70), and Bolland (j6). 

Fortsefaritte 4. Chem. org, Natuxst. VI. tf 



The free base is a colorless oil [Kindler and Peschke {go); crystals, m.p. 35-3^°], 
with strong alkaline reaction, b.p. i8o® (12 mm.). Soluble in water, alcohol, chloro* 
form, only slightly soluble in ether. It absorbs carbon dioxide from the air and 
solidifies to carbonate. The sulfate, (CiiHi703N)2*H2S04* iHgO, is particularly suited 
for isolation since it is insoluble in alcohol, only slightly soluble in cold water but very 
soluble in hot water; it forms brilliant prisms, m.p. 183-186°. The hydrochloride 
forms colorless crystals, m.p. 181° (Kindler and Peschke found m.p. 184°); picrate, 
m.p. 216-218° (Kindler and Peschke, m. p. 222°); the chloroaurate crystallizes 
with IU2O, orange needles, m.p. 140-141°; chloroplatinate, straw-yellow'needles, m.p. 
187-188°; benzoyl-derivative, m.p. 120-121° (Kindler and Peschke, m.p. 123°); 
w-nitrobenzoyldcrivative, m.p. 161—162°; dimethyl-mezcaline methiodide, m.p. 225°. 

Heffter (59, 62, 6j) determined the empirical formula of mezcaline 
and found that upon oxidation the base yields trimethylgallic acid. 
Unfortunately, mezcaline behaves in methyHmide determinations as 
though it contained anN-methyl group. Heffter (64) synthesized 3:4:5- 
trimethoxy-benzyl-methylamine and found that it is not identical but 
isomeric with mezcaline. 

The irregularity mentioned was confirmed by Spath (192) who, 
guided by biogenctical considerations, arrived at the correct structure, 
in spite of the confusing analytical evidence. In Spath 's mezcaline 
synthesis 3:4; 5»trimethoxy-benzoyl chloride was reduced by the Rosen- 
MUND method (1^8) to the corresponding aldehyde, which when condensed 
with nitromethane yielded co-nitro-3:4:5-trimethoxystyrene. This was 
reduced with zinc dust and acetic acid to the corresponding oxime and, the 
latter was further reduced, by sodium amalgam, to 3:4:5-trimethoxy- 
^-phenylethylamine, i.e. mezcaline. 

Considerably later than the Spath synthesis, we find in the literature 
several other successful syntheses of mezcaline. 

Slotta and Heller (1S6, iSS) prepared their starting material, viz, 
trimethoxy-phenylpropionic acid by condensation of the substituted 
benzaldehyde with malonic acid and reduction of the resulting cinnamic 
acid. Mezcaline was then obtained by Hofmann degradation of the 
trimethoxy-phenylpropionamide. 

Kindler and Peschke (90) synthesized very pure, crystallized 
mezcaline by condensation of 3:4:5-trimethoxy-benzaldehyde with KCN, 
acetylation, and catalytic reduction to the amine. 

Slotta and Szyska (J90, igi) improved Spath’s first synthesis, 
obtaining mezcaline directly by the electrolytic reduction of co-nitro- 
trimethoxystyrene. Hahn and Wassmuth (50, 54) started from elemicine 
and prepared first trimethoxy-phenylacetaldehyde by ozonisation. The 
oxime was then reduced to mezcaline. Kindler et al. (88-go) improved 
the catalytic reduction of ce>-nitrostyrenes to the corresponding phenyl- 
ethylamines. Hahn and Rumpf {$i) described the preparation of mez- 
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caline by reduction of cu-nitro-trimethoxystyrene with Adam's catalyst. 
See also a review by Jensch (^5). 

Several isomers of mezcaline as well as mezcaline-like compounds have 
been synthesized by Jansen {82-84) I Slotta and Heller {188 ); Slotta 
and Szyska (J90, igi ); Slotta and Muller (i<^9) ; Grace (45); Iwamoto 
and Hartung (79), and Hey (7^). None of these compounds causes the 
euphoric state produced by mezcaline. 

CHj 

CH3O 

10. N-Methylmezcaline, CH O ' ‘ 

^ NH'CH, 

I 

N-Methylmezcalino. OCfi^ 

was isolated by Spath and Bruck {203) who worked up the mother 
liquors originating from the crystallization of the non-phcnolic bases of 
“mescal-buttons". The identity of this base was established by comparison 
with synthetic N-methylmezcalinc which can be obtained by the 
condensation of mezcaline with benzaldehydc, subsequent methylation 
of the benzal derivative with methyliodide and hydrolysis of the quater¬ 
nary base. 

Picrate, m.p. 177,5—178^; trinitro-m-cresolate, m.p. 189,5-190,5^; ^-nitro- 
bcnzoyl-derivative, m.p. 142-143^’. 

CH* 

11. N-Acetylmezcaline, \ / Jttt /-TT 

sn/ IM il • LU • Lrl3 


OCH3 N-Acetylmercaline. 

was detected in the '*mescal buttons" by Spath and Bruck (204)] 
m. p. 93”**94®. It is identical with N-acetylmezcaline prepared by refluxing 
mezcaline with acetic acid at 170-175°. 

CH« 


12. Trichocereine (N-dimcthylmezcaline), ^131121^3^» 

CH, 0 - 


Trichocereine. OCH3 


wa.s found by Reti (j6j), together with mezcaline, in the cactacea 
Trichocereus terscheckii. The dried plant contains 0,2% trichocereine and 
0,05% mezcaline. 


Colorless oil, of basic reaction; distills in vacuum without decomposition. Soluble 
in water, alcohol, ether, chloroform. The salts crystallize well. Hydrochloride, m.p. 
205°; picrate, yeUow needles, m.p. 169-170°; methiodide, m.p. 225—226°; picrate 
of the quaternary base, m.p. 165,5°. 




Trichocereine contains three methoxyl and two N-methyl groups. 
Upon oxidation with permanganate trimethylgallic acid is obtained. 
With dimethylsulfate and potassium iodide the compound yields a 
methiodide (m.p. 225-226°) which, mixed with dimethylmezcaline 
methiodide (m.p. 225°), melts without depression. Similar results were 
obtained by comparing other derivatives of the natural and the synthetic 
substance. Trichocereine is, therefore, N-dimethyl-mezcaline. 


B. Tetrahydro-isoquinolines 

found in Anhalonium lewinii (pellote) (cf. Table). 

I. Anhalamine, C11H15O3N, was first isolated by Kauder {8y). Ac¬ 
cording to Heffter [63) the drug contains 0,1% anhalamine. 

The base crystallizes in microscopic needles, m.p. 189-191°; hydrochloride, 
from water with zHgO, m.p. 258°. from alcohol with i HgO; sulfate, colorless prisms. 








Cactus Alkaloids and Some Related Compounds. 


261 


very soluble in water, less in alcohol. Well crystallized chloroplatinate and chloro- 
aurate. Picrate, m.p. 237-240°; monobenzoyl derivative, m,p. 167,5°; dibenzoyl- 
clerivative, m.p. 128-129°; N-m-nitrobenzoyl derivative, m.p. 174-175°; 0,N- 
climethylanhalamine methiodide, m.p. 211,5-212,5°. 

0 -Methylanhalamine is termed anhalinine, and N-Methylanhalamine is 
anhalidine. 

2. Anhalinine, C12H17O3N, was isolated by Spath and Becke (jpp) 
(yield, 0,01%). 

Free base, m.p. 61-63°; hydrochloride, white crystals, m.p. 248-250°; picrate, 
m.p. 184-185°; cloroaurate, m.p. 139-140°; chloroplatinate, m.p. 207-208°; 
w-nitrobenzoyl derivative, m.p. 147-148''; methiodide, m.p. 211,5-212,5°. 

3. Anhalidine, C12H17O3N was found by Spath and Becke {200) 
(yield, 0,001%). 

Free base, m.p. 131-133°. Sublimes in high vacuum at 85-95°. O-Methyl- 
anhalidine methiodide, m.p. 211,5-212,5°. 

4. Anhalonidine, C12H17O3N, was discovered by Heffter (60). Ac¬ 
cording to this author pellote contains as much as 5% of the alkaloid. 

The free base crystallizes in small octahedra, m.p. iOo-iOi°; picrate, m.p. 
201-208°; N-benzoyl derivative, m.p. 1^9''> dibenzoyl derivative, m.p. 125-126°; 
N-m-nitrobenzoyl derivative, m.p. 207-208°; N-methylanhalonidino hydroiodide 
pellotine hydriodide, m.j). 125-130°; N-methyl-anhalonidine methiodide ==: pello- 
tine methiodide, m.p. 199''. 

5. Pellotine (N-methylanhalonidine), C13H12O3N, was isolated by 
Heffter (59) from Anhalonium williamsii (0,74% of the fresh plant) and 
was found later by Kauder {87) in A. lewinii. In Heffter's opinion, 
however, the pellotine content of the latter drug originated from a con¬ 
tamination by A. williamsii. This opinion is shared by Lewin (106). 
Morphologically, both plants are difficult to differentiate. The botanists 
are inclined to consider Anhalonium lewinii, A. williamsii and A. jour- 
danianum as a single species (Schumann : Anhalonium williamsii', Britton 
and Rose: Lophophora williamsii). 

The base is only slightly soluble in water; crystallizes from alcohol, m. p. 11 i-i 12°; 
the salts have a bitter taste. Hydriodide, m.p. 125-130°; picrate, m.p. 167-169°; 
chloroaurate, m.p. 147-148°; methiodide, m.p. 199"*; O-methylpellotine methiodide, 
m.p. 226-227°. 

Spath and Kesztler {210) prepared the optically active forms of 
pellotine and studied their racemization, to determine whether ithe 
compound is present in the plant in the inactive form or is racemized 
when manipulated or during the ageing of the drugs. By means of 
<i-tartaric acid a fraction with = —15.2“ was obtained from 

racemic pellotine. Considering the ease with which this base undergoes 
racemization, the authors suppose that optically active pellotine is 
presort in the plant. 
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6. 0 -MethyUd-anhalonidine, C13H19O3N, Spath and Bruck (205) found 
very small quantities of a new isoquinolinc alkaloid in the mother liquors 
from the crystallization of the non-phenolic bases of Anhalonium lewinii. 
Its structure was established by analytical and synthetic methods. 

It is an oil, b.p. 140*^ (0,05 mm.). Optically active, = + 20,7° (methanol). 
It yields a characteristic 2;4:6-trinitrobenzoyl derivative, m.p. 259-260'^, “ 

= + 39»7^' (methanol). The 6?,/-form had been synthesized by SPAtH {193) as early 
as T921. 

7. Anhalonine, CigHigOgN, was discovered by Lewin (104-106). 
According to Heffter (60) the drug contains about 3% anhalonine. 

The base crystallizes from light petroleum in needles, m.p. 85,5°, L^Jd “ — 5^.3' 
(chloroform); hydrochloride, — —41,9^; N-mcthylanhalonine methiodide = 

= lophophorine methiodide, m.p. 223°. Heated to its melting point the quaternary 
iodide is racemized and then melts at 242-243°. 

Spath and Kesztler (209) prepared optically active forms of synthetic 
anhalonine base, with the following properties: /-anhalonine, m.p. 85-86'^, 
Wd ——(chloroform); ^/-anhalonine, m.p). 84,5-85,5°, [oc]^—■ 
— + The synthetic /-form, when methylated with formaldehyde 

and formic acid, gave an N-methyl derivative, [^]p “ — 47»3° (chloro¬ 
form), identical with natural lophophorine; picrate, m.p. 162-163°. 

8. Lophophorine (N-methyl-/-anhalonine), was detected 

by Heffter (60) (yield 0,5%). 

It is an oily base, [(x]d= —47° (chloroform). Hydrochloride, [a]p ——9»47°; 
picrate, m.p. 162-163°; methiodide, m.p. 223°; trinitro-w-cresolate of the quaternary 
compound, m.p. 171-172°; picrate of the quaternary compound, m.p. 211-212 . 

Structure and Synthesis of the Isoquinoline Bases Obtained from 

Anhalonium lewinii. 

Anhalonidine and Pellotine. Degradation experiments disproved 
Spath 's first assumption that the other bases in “mescal buttons”, were 
structurally similar to the then already clarified mezcaline. Spath, 
therefore, gathered experimental evidence for their structure, mainly of 
synthetic nature, working on the hypothesis that their structures were 
of the isoquinolinic pattern (193). Starting from N-acetyl mezcaline the 
following route was followed: 

CHjj 

CH,0 -/YVh, CHaO-^YfY 

CH,o-Yi Yh , ch,oY YY , 

I'co 1 I 

CH3O I CHaO CH3 

CHa 

N-Acetyl-mezcaline. 
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CH30— 

CKjO-j^-'V CH, 


4- CHgl rjj 

[ 1 CH3 

'1 1 

CHjO CH, 

CH3O CHg 
O'Mothylpellotine methiodide. 


The quaternary iodide obtained was shown to be identical with 
0>methylpellotine methiodide. Pellotine and anhalonidine yield on 
complete methylation, the same product, and since anhalonidine is a 
secondary base, pellotine must be N-methylanhalonidine. 


In a further study Spath (195) described the synthesis of anhalonidine 
and pellotine. By treating the 0 ,N-diacetyi derivative of the 5-hydroxy- 
3:4-dimethoxy-phcnylethylamine with phosphorous pentoxide, reducing 
the dihydroisoquinoline formed and splitting off the 0-acetyl group, 
anhalonidine was obtained. However, the position of the free hydroxyl 
group in anhalonidine (and pellotine) had still to be determined; two 
different structures were possible, since the ring closure might have taken 
place either in ortho (I) or para position (II) to the hydroxyl group: 


CH30-Y'^Y^N 

HO— 

CHaO-'^ Y 

CH,() 

1 

1 1 

OH CH3 

1 1 

CH3O CH3 

(I.) 

(TI.) 


The correct anhalonidine structure is (I); Spath and Passl {213) 
proved this as follows: pellotine was converted into its 0-:thyl ether, 
which on oxidation with permanganate yielded a compound of known 
structure, viz. 4:5-dimethoxy-3-ethoxyphthalic acid (III). This was 
confirmed using a different analytical method by Spath and Boschan 
{202), and by a new synthesis of pellotine [Spath and Becke (T97)]. 

COOH 

CH3O- 


CH, 0 —' 




I COOH 

OCjHj 

(III.) 


Anhalamine, Anhalidine, and Anhalinine, Anhalamine differs from 
anhalonidine by containing a —CH^ less; SpaTh (jpj) therefore inferred 
that the former was a simple isoquinoline. 0-Methylanhalamine [later 
found to be a natural constituent of "mescal buttons" and called an¬ 
halinine (199)] was obtained in vitro by condensing mezcaline with 
formaldehyde. Spath and R 5 der (214) synthesized anhalamine by con¬ 
densation of 5-benzyloxy-3:4-methoxy-phenylethylamine with formal- 
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dehyde, and further operations. The position of the free hydroxyl, 
however, still remained uncertain. The decision was made by Spath and 
Becke (ig8) who showed that 0 ,N-diethylanhalamine, upon oxidation 
with permanganate, yielded the same 4:5-dimethoxy-3-ethoxyphthalic 
acid as was obtained by Spath and Passl {213) in the case of pellotine. 
All known phenolic tetrahydroisoquinolines which occur in the “mescal 
buttons" contain, therefore, the free hydroxyl in the 8-position. 

Anhalidine is N-methylanhalamine (200). 

Anhalonine and Lophophorine, It was demonstrated by Spath and 
Gangl (207) that, contrary to the belief of Heffter, lophophorine is 
N-methyl-anhalonine. They found also that both alkaloids contain a 
methylenedioxy group, besides the earlier known methoxyl group. 
Starting from the assumption of a methylisoquinoline structure and 
considering a biochemical relationship with the other Anhalonium bases 
of known constitution, the structures (IV) and (V) were discussed for 


anhalonine: 



CHjO CHg HjC O CH3 


(IV.) (V.) 


Compound (IV), was then prepared by the action of methylmagnesium 
iodide on cotarnine iodide by Freund's method (41), The quaternary 
iodide of this tetrahydroisoquinoline base was found to be different from 
lophophorine methiodide. Compound (V) was synthesized likewise, viz. 
by condensing (in the presence of phosphorus pentoxide) acetyl-homo- 
myristicylamine to give a dihydroisoquinoline, which was then reduced 
to the tetrahydro derivative. The quaternary iodide of (V) proved to 
be identical with inactive lophophorine methiodide. Eventually, struc¬ 
ture (V) for lophophorine was confirmed by Spath and Becke (199) by 
the isolation of isocotarnic acid (3:4-methylenedioxy-5-methoxy-phthalic 
acid) from the oxidation products of the quaternary base corresponding 
to anhalonine. 

Spath and Kesztler (209) achieved the synthesis of anhalonine and 
lophophorine. S5mthetic (i,/-anhalonine (207), was resolved into the 
optical antipodes by fractional crystallization of the /-tartrate. The 
/-form obtained proved to be identical with natural anhalonidine, and 
lophophorine was obtained by metiiylation of this substance with form¬ 
aldehyde and formic acid. 

9. Carnegine, C^jH^gOgN. Heyl (75) isolated in 1901 from the Mexican 
cactus, Cereus pecten aboriginum, an alkaloid in fxkm of a crystalline 
hydrochloride (yield, 0,65%) and termed it pectenine. 
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The same author (76) found (1928), in the American cactus, Carnegiea 
gigantea, a base with the composition CigHjijOaN. This alkaloid was 
named camegine, and several of its crystalline derivatives were charac¬ 
terized. In 1929 Spath (J96) established the structure of camegine and 
described its synthesis. Finally, a few months later, Spath {211) reported 
that camegine and pectenine were identical. 



Camegine. CHg 


Camegine is an optically inactive colorless syrup, b.p. 170" (i mm.). The salts 
are crystalline: hydrochloride, m.p. 210-211"; hydrobromidc, m.p. 228®; picrate, 
m.p. 212-213°; methiodide, m.p. 210-211°; and trinitro-w-cresolate, m.p. i(>9-i70°. 

Spath synthesized camegine, without having carried out cleavage 
experiments, making use only of the empirical formula as well as the 
presence of two methoxyl groups, and being guided by the evident 
structural relationships with the Anhalonium bases. Starting from 
N-acetyl-homoveratrylamine, the following route was followed: 


CH3O- 



P.O. 

NH 


/ 

1 

CO 

1 

CH, 

CH3 



N-Acetyl-hoxnovaratxylamine. 


CH, 


CH, 






+ CH,I 


+ H, 


CH O— 


CH 30 -'^^I^Jn-CH 3 


CH, 1 - 


CHaO^^ 


[ 

Camegine. CH, 


JN—CHj 


The derivatives of the oily base obtained, were identical with those 
of naturally occurring camegine and pectehine. Furthermore, another 
a priori possible structure (the product of ring closure in o-position to 
one of the methoxy-groups) could be excluded by the observation that 
oxidation of the dihydro compoimdwith permanganate gave w-hemipinic 
and not ordinary hemipinic acid. 

Sch 5 pf and Bayerle { 185 ) obtained ‘'wor-camegine" under mild 
('^physiologicar') conditions (pn 5, at 25°) by condensing hydroxy- 
tyramine with acetaldehyde. 
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lo. Salsoline, CjiHigOgN, and ii. Salsolidine, C12H17O2N are not cactus 
alkaloids but their structure reveals a surprising analogy with camegine. 
Actually, camegine is 0 ,N-dimethyl-salsoline. 



Salsoline. CH3 


Salsoline and salsolidine ( 0 -methylsalsoline) have been found by 
Orekhov and Proskurnina (i26-i2g, 138, I3g) in the desert plant, 
Salsola richteri, belonging to the family of the Chenopodiaceae. A third 
alkaloid, of unknown constitution (salsamine), occurs in traces in the drug. 

The plant yields by extraction with dichloroethane, 0,32% of salsoline. 
The alkaloid isolated from old plants is optically inactive, but if a recent 
crop is extracted, a mixture of i,/- and df-salsoline results. Salsolidine 
occurs in the plant likewise as a mixture of the d,l- and /-forms (Jjp). 
The properties of these natural alkaloids are therefore somewhat different 
from those of the synthetic forms. The optically active bases are stable 
with respect to racemizing agents and thus racemization must have taken 
place in the plant tissue itself and not in the course of extraction and 
isolation. 

Natural salsoline base mells at 218-221'^; hydrocliloride with 1,5 HjO, m.p. 
141-152°; 0 ,N-dibenzoyl derivative, m.p. 166-168°; N-benzoyl derivative, m.p. 
172-174°. Resolution of salsoline through the bitartrate { 138 ) yields the pure 
<i-form, m.p. 215-216°; hydrochloride, m.p. 171-172°, [^x]d= 4-40,1°, and the 
pure /-form, m.p. 215-216°; hydrochloride, m.p. 171—173°, [(x]d== — 39.2°- 

Natural salsolidine = 0 -methyl-/-salsoline ( 138 ), m.p. of the free base 69-70°, 
[cxjl}= — 53°; hydrochloride, m.p. 229-231°, [a]D=—26,2°; picrate, m.p. 

194-195°; picrolonate, m.p. 220-221°. 

Synthetic salsolidine [SpXth and Dengel (206)]: free </,/-base, m.p. 53-53,5°; 
hydrochloride, m.p. 196-197°; picrate, m.p. 201-201,5°; picrolonate 241°. Free 
/-base, m.p. 47,5-48,5°, — — 59»7° (alcohol); hydrochloride, m.p. 235-236°, 

[^Jd ==—24,8. Free </-base, m.p. 47,5-48,5°; [ajjf = 4 59.90® (alcohol); 
hydrochloride, m.p. 235-236°, Md = 4 25,3°. The optically active picrates, 
m.p. 193-194®; picrolonates, m.p. 235-236°. 

Proskurnina and Orekhov ( 139 ) explained these differences by showing 
that d- and /-salsolidine occur in two forms (m.p. 41-45° and 71-73°), produced 
respectively by distillation in vacuum and crystallization from water; both forms 
gave identical HCl salts, m.p. 233-235°. 

The third alkaloid, salsamine, is not found in all samples. M.p. of the base: 
I55”~I57®I picrate, m.p. 213-214°; picrolonate, 220-221°. 

Salsoline, when methylated with diazomethane yields 0-methyl- 
salsoline, the /-form of which is salsolidine. 0 ,N-methylated salsoline is 
identical with camegine. 0-methylsalsoline, oxidized with permanganate, 
yields w-hemipinic acid. The position of the hydroxyl group was esta- 
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blished by Spath, Orekhov and Kuffner (212) by synthesis, starting 
from isovanillin. Salsolidine was synthesized by Spath and Dengel (206). 

The natural order Rhoeadules (including Papaveraceae dsi^FumaTiaceue) 
is characterized by a high number of alkaloidiferous species. So far, all 
the isolated bases pos.scss the benzyl-isoquinoline skeleton. A few species, 
however, contain small quantities of tetrahydroisoquinolines of simple 
structure and are related to the cactus alkaloids. 

12. Corypalline, C2iH2502N, was found by Manske in Corydalis 
pallida and in the seeds of C. aurea. The free base melts at picrate, 

i 

Corypalline. 


m.p. 178°. On methylation it yields the well known 2-methyl-6:7-di- 
methoxy-tetrahydroisoquinoline (m.p. 82"), and upon ethylation, 2- 
methyl- 6 -methoxy- 7 -ethoxytetrahydro-isoquinoline (m.p. 65”). The syn¬ 
thesis of corypalline was accomplished by a route parallel to that used 
by Spath, Orekhov and Kuffner (212) in their synthc.sis of .sahsoline. 


13. Hydrohydrastinine, CuHjgOaN, is a degradation product of hy- 
drastine or cotarnine, but, according to Spath and Julian (208) it occurs 
also in Corydalis iuherosa. 



HX 



;n—CH, 


The base melts at 66'^. 


Hydrohydrastinine. 


14. Hydrocotarninc, C12H15O3N, is a well known hydrolytic product 
of narcotine. Hesse (75) found iti n opium, both as a free base and in 
form of salts. ^\/ 


/ 


0 -! 


.1 " I 


In-ch, 


OCH, 

Hydrocotamine. 


Colorless plates, from light petroleum, m.p. 55,5-56,5°: hydrobromide, m.p. 
236-237°, sparingly soluble in water. 

The preparation of hydrastinine, hydrohydrastinine and hydrocotar- 
nine, starting from narcotine and cotarnine has been described by Pyman 
and Remfry (140), Tanaka, Midzuno and Okami {218), and Topchiev 
(220). 
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VII. Biogenesis of the Cactus Alkaloids and Their 
Relationship to Other Natural Products. 

There is a general agreement that cactus alkaloids and some other 
structurally related natural bases are biogenetically linked to the naturally 
occurring aromatic amino acids, such as phenylalanine, t5TOsine, 
and 3:4-dihydroxyphenylalanine. A scheme of the possible biochemical 
reactions leading from tyrosine to the best known natural phenylethyh 
amine and tetrahydro-isoquinoline bases is given in Table 2, p. 270. 
This scheme involves only very simple and biologically plausible reactions, 
such as decarboxylation, oxidation, O- and N-methylation, ring closure 
with formaldehyde or acetaldehyde equivalents, etc. 

Although so far no experimental evidence is available to support 
this attractive scheme, many authors are inclined to accept it, at least 
as a working hypothesis. Thus, since Pictet's (ijj) first suggestions, 
biogenetical speculation of this kind has proved to be extraordinarily 
useful in the elucidation of the structure and in the lines of the S5mthesis 
of numerous natural products. 

The biological formation of simple and more complex natural amines 
is thoroughly discussed in Guggenheim's fundamental treatise (46), 

Naturally occurring ^-phenylethylamines may have been formed 
by biological decarboxylation of the protein amino acids, phenylalanine 
and tyrosine. For the di- and trihydroxy derivatives the corresponding 
substituted phenylalanines should be considered, although 3:4-dihydroxy- 
phenylalanine (dopa) does not seem to occur in proteins and the tri¬ 
hydroxy derivative still has to be foimd in nature. However, it is not 
necessary to suppose that alkaloids are formed directly from the amino 
acids of proteins. Several workers, especially Guggenheim suggest the 
possibility that both amino acids and alkaloids originate from common 
parent substances. 

The biological oxidation of phenylalanine to tyrosine and its conversion 
to 3:4-dihydroxy derivatives is an established fact. In the animal body 
the direct conversion of phenylalanine into tyrosine has been demonstrated 
by Moss and Schoenheimer (123), by feeding phenylalanine with firmly 
bound deuterium which was located in the benzene ring. According to 
Bernheim and Bernheim (12), this conversion can be regarded as a 
step in normal intermediary metaboHsm and is probably dependent 
on a specific enzyme system. 

The oxidation of tyrosine, tyramine or N-methyltyramine by tyrosinase 
has been the subject of extended studies which need not be considered 
exhaustively in the present survey. The reaction sequ^ce follows the 
route outlined by Rarer (131, 152) and Duli^re and Rarer {33 ): 
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1 !■ 

-t 0 

-- > 

CH, 

^CH-COOH 

NHj 

HO— } ^H-COOH 

NH, 

T3nrosine. 




t 0 


0 - [ ' 1 

\/ ^CH-COOH 

NHj 

->■ 

HO 7 -> 

NH 

_ 

0 COOH 

NH 

^ 0 

- - — ► 

- 7 

HO J. jj J—COOH — 

HO— i^N- —, 

II , -to 

Melanin. 



NH 


The biological conversion of phenylalanine into epinephrine, in 
mammalian tissues (involving oxidation, decarboxylation and methylation) 
is strongly supported by the work of Gurin and Delluva (^7). d,l- 
Phenylalanine, labelled with in the carboxyl group and <x-carbon, 
was converted to epinephrine in which the was located in the terminal 
carbon of the side chain. Similar results were obtained with tritium- 
labelled phenylalanine. The result suggests that this biological conversion 
not only involves decarboxylation of phenylalanine (or one of its deri¬ 
vatives) but that the aminoethyl side chain formed remains attached 
to the benzene nucleus during the biological synthesis. 

It may be assumed that the biosynthesis of jS-phenylethylamines 
in plant tissues follows a similar pattern. The general occurrence of 
decarboxylases, tyrosinases as well as melanization phenomena gives 
strong support to this hypothesis, although reliable experimental evidence, 
such as has been obtained in the case of animal metabolism, is not yet 
available. 

It is interesting that the tertiary and quaternary tyramine derivatives 
found in the cacti, such as hordenine and candicine, although they take 
up appreciable amounts of oxygen, do not form pigments when oxidized 
by t)n:osinase [Duli^re and Raper (jj)]. However, tyrosine or some 
other derivative must be present in all cacti since; the darkening of 
cut stems, preceded by a red phase, is characteristic for the whole family. 
Roca [175) found in the Mexican cactus, Pachycereus marginatus, t5rrosine, 
tyrosinase, and unidentified alkaloidal substances. T5n:osinase has been 
observed also in Trichocereus candicans which contains the alkaloids 
candicine and hordenine. 
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It would be of importance to repeat, using modem isotope techniques, 
the investigations of Raoul {141-1^0) who attempted to demonstrate 
the biological conversion of tyrosine to hordenine in barley. 

It is a generally accepted opinion that formaldehyde (or some derivat¬ 
ive) accounts for the frequent occurrence of N-methyl, 0-methyl and 
methylenedioxy groups in alkaloids. Methylation may precede decarboxy¬ 
lation as is shown by N-methyltyrosine, which has been repeatedly found 
in nature and is known under the names of angeline, andirine, geoffroyine, 
surinamine, and rhatanine (65). 

WiNTERSTEiN and Trier (229) advanced in 1910 a hypothesis on 
the formation of the benzylisoquinoline alkaloids from aromatic amino 


acids of the tyrosine type. 

Two molecules of dihydroxy-phenylalanine 

were assumed to participate in such a biosynthesis, leading to nor- 

laudanosine: 
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Laudanosine can be built up from norlaudanosine by methylation; 
and papaverine, by methylation and dehydrogenation; hydrastine and 
berberine, by introduction of another carbon atom (formaldehyde equi¬ 
valent), etc. According to Robinson (775) who elaborated this sdieme 
to include practically all the isoquinoline alkaloids of then known structure, 
the success of the Winterstein-Trier hypothesis has been striking 
and it is a widely accepted system in organic chemistry. 

We may suppose that the simple isoquinoline derivatives found in 
cacti are biosynthesized in a similar way, viz. by the action of formaldehyde 
or acetaldehyde on substituted phenylethylamines according to a 
suggestion made by Spath (jpj). For example, mezcaline and form¬ 
aldehyde would yield anhalinine: 




CHj 

CHaO-!^^' InHj 
I HCHO 
OCH3 

Mezcaline and formaldehyde. 


ch,o-!^^^^nh 


OCH, 

Anhalinine. 


It is interesting to note that Pictet and Spengler (134), many years 
before Spath's discoveries, synthesized some simple isoquinoline bases 
starting from phenylethylamines and formaldehyde, and discussed the 
possibility that alkaloids are produced in plants by a similar condensation 
process. 

Barger (6), Robinson (17 j), Polonovski (rj5), and others worked 
out schemes in which the origin of natural isoquinolines was discussed. 
Barger considered tyrosine as a precursor of a large group of isoquinoline 
alkaloids and admitted the possibility of the introduction of additional 
hydroxyl groups into a preformed benzene ring, similar to the conversion 
of tyrosine to dopa by tyrosinase. The participation of three molecules 
of dihydroxy-phenylalanine in the biological formation of emetine was 
considered recently by Robinson (17^), following Woodward’s suggestions 
concerning the biogenesis of strychnine {230). The Pictet-Winterstein- 
Trier hypothesis has turned out to be a valuable tool in alkaloid 
chemistry, first in the restricted field of the benzyl-isoquinolines, later 
also in other instances, such as that of the harmala alkaloids. 

In the absence of experimental proof, the following arguments can 
be considered as supporting the hypothesis that cactus isoquinolines 
are related to the phenylethylamine bases: 

1. Simultaneous occurrence of substituted phenylethylamines and 
isoquinoline derivatives not only in the same family but in the same 
species {Anhalonium lewinii), 

2. The fact that all the isoquinolines keep the original side chain in 
the form of a completely hydrogenated bridge. (Actually, the bases are 
not isoquinolines but tetrahydroisoquinolines.) 

3. Natural phenylethylamine bases carry one to three (free or 
methylated) phenolic groups in the positions 4 or 3:4 or 3:4:5, with 
reference to the side chain. The same substituents and in the same 
positions occur in the natural tetrahydroisoquinolines, which points to 
postulated ring closure. 

4. The facility with which similar ring closures are performed in vitro 
under conditions which can be considered as being comparable to 
physiological ones. 

The first experimental demonstration of the simplicity of the manner 
of alkaloid biosyntheses was Robinson’s classical tropinone s)mthesis 
Later Sch 5 pf (183, 184) demonstrated that the formation of alkaloids 
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in vitro may proceed at room temperature and in nearly neutral media. 
The ScHOPF .syntheses (begun in 1932) are simple in method and often 
very efficient in yield. Particularly interesting is the condensation of 
the naturally occurring 3:4-dihydroxy-phenylethylamine with acet¬ 
aldehyde at ph 5 and 25"’, as carried out by Sch 5 pf and Bayerle {185), 
A substance was obtained in 83% yield which differs from the natural 
alkaloids carnegine and salsoline only in the degree of methylation 
(cf. Table 2, p. 270). Hahn and Schales (52, 53) did not accept Schopf's 
opinion that in the biosynthesis of isoquinoline alkaloids only phenyl- 
othylamines containing free hydroxyl groups, in which the H atom 
involved in the ring closure is activated, can be considered. They succeeded 
in preparing some benzyl-isoquinolines at pH 5 and 25^" from phenyl- 
ethylamines containing methoxy and methylenedioxy groups, although 
this condensation proceeded more slowly and the yields were lower. 

We must stress at this point that it would be misleading to consider such 
biosynthetical methods as true replicas of the processes which are taking 
place in the living plant. The optical activity of several isoquinoline 
bases (salsoline, salsolidine, anhalonine. lophophorine, etc.) cannot be 
reconciled with Sch 5 pf and Beyerle's {185) opinion that compounds 
of this type are formed from phenylethylamines without the participation 
of enzyme systems. 

Spath and Kesztler {210) demonstrated the ea.sy racemization of 
anhalonidine and they concluded that in the living tissue the compound 
is probably present in an optically active form. Orekhov and Proskur- 
nina (J29) extracted optically active salsoline from fresh plants of 
Salsoia richteri, while stored crops yielded the racemic alkaloid. Thus, 
although a connection between natural phenylethylamines and iso¬ 
quinoline derivatives appears to exist, the biosynthesis of the latter 
follows a still unknown course, in which optically active intermediaries 
and enzymatic processes may be involved. 

There is an evident biochemical relationship between tyrosine 
derivatives and some substances of the indole type. One very important 
reaction sequence of this nature is the previously mentioned biological 
conversion of tyrosine or tyrosine derivatives to oxygenated compounds 
with indolic nucleus. It is remarkable that hydroxy-phenylalanine 
(tyrosine) and indole derivatives were repeatedly found in the same 
genus or species. The following examples may suffice: 

Hordenine and gramine (2-dimethylaniino-3-methylindole) in Hordeum species. 

N-Methyl-/ 9 -phenylethylamine and N-methyl-lTyptamine in Arthrophytum 
leptocladum {231, 232). 

Adrenaline and bufotenine (N-dimethyl-hydroxytryptamine) in several toad 
venoms (Bufo marinus, B. arenarum, B. paracnemis, etc.) [cf. Deulofeu (jo)]. 

In the biogenesis of some indole alkaloids, tryptophane (or its 

Fortschritte d. Chem. org. Naturst. VI. *8 
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derivatives) appears to react in a process which is analogous to the 
formation of isoquinoline bases from phenylalanine derivatives [cf. 
Robinson {173)]. The simplest example would be the formation of 
tetrahydroharman by condensation of tryptamine with acetaldehyde: 


CHg 

HN CHO 

1 

CH, 

Tryptamine and acetaldehyde. 


—HjO^ 


_/\ 

NH I 
CH3 

Tetrahydrohannan. 


However, some alkaloids of the indole type may be derived without 
taking tryptophane into account. Discussing the biogenesis of the 
Strychnos bases, Woodward (230) proposes a theory in which 3:4-di- 
hydroxyphenylalanine is considered as precursor. 

In the author’s opinion, it would be advisable to extend such bio- 
genetical conjectures by embracing the whole field of biochemistry and 
not limiting them to the comparative evaluation of the chemical structures 
of amino acids and alkaloids. It is clear that on one hand, the problem 
is linked with the still unknown origin of the aromatic amino acids 
themselves; and on the other, nitrogen-free combinations should also 
be considered because of the facility with which amination and de¬ 
amination processes take place in living organisms. 

The ‘'chemical architecture” of a number of other natural products 
bears an impressive resemblance to the structure of the phenylethyl- 
amine and isoquinoline bases isolated from cacti. Thus, among the 
constituents of essential oils, some compounds are found which must 
be related to the isoquinoline alkaloids. They contain the same skeleton 
and the same substituents in analogous positions, as shown by the 
formulas (VI)~(XI). Indeed, whenever isoquinoline alkaloids were 
synthesized in the laboratory, some derivatives of these naturally occurring 
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phenols were used as starting materials. This statement is especially 
valid for the compounds bearing a dioxymethylene group, for the intro> 
duction of which no practical method is yet available. 

The chemistry of the alkaloids and the chemistr}^ of the essential 
oils thus appears to be linked by such features which may be far beyond 
the present manipulation of the laboratory. 

However, the essential oils are not the only substances which share 
a common skeleton with some plant alkaloids. Reti (265) considered 
a number of natural products (constituents of essential oils, resins, 
flavones, tannins, anthocyanins, alkaloids, etc.) and connected their 
biogenesis with one of the mass syntheses occurring in nature, viz. 
that of lignin formation. Without discussing the still open problem 
of the lignin structure [Freudenberg (jg); Brauns (i:< 5 ?)], we may note 
that there is a general agreement concerning the nature of the building 
stones. Lignin is built up of substituted phcnylpropane units of the 
following types: 

OH O ^-CHg 
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or CH,0 -,Y\_ocH, 


According to Freudenberg (jg) an approach to the understanding of 
the lignin biosynthesis will be made only when the origin of the phenols, 
especially those of the C9 group, becomes known. 

We see how the problem of the biogenesis of the cactus alkaloids 
seems to be related to that of many other natural products which, quanti¬ 
tatively, by far outnumber the relatively scarce alkaloids and the limited 
amounts of the amino acids. It is a salient problem whether aliphatic 
amino acids are involved in the biosynthesis o( the substances mentioned, 
or if, rather, aromatic amino acids are built up by the addition of ammonia 
to nitrogen-free compounds possessing the preformed Co-Cg skeletons. 

It is possible that alkaloids, amino acids and nitrogen-free substances 
are formed in the plant from common starting materials by parallel 
routes as demonstrated by the similarity of their structure. 

We may express the hope, that with help of the new isotope techniques 
and modem chemical genetics, more light will be thrown on these fasci¬ 
nating problems of biochemistry. 
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VIII. Pharmacological Effects of Cactus Alkaloids and 
Some Related, Naturally Occurring Bases. 

A chapter on the pharmacology of the cactu.s alkaloids has been written by 
JoACHiMOGLU and Keeser (86), in Heffter's pharmacological Handbook. 

Phenylethylamine, Tyramine, Hydroxy4yramine. After Barger's 
discovery of tyramine in ergot and the clarification of the adrenaline 
structure, much attention has been given to the pharmacological properties 
of compounds of analogous structure, of which those just mentioned 
are the simplest representatives. A pertinent survey can be found in 
Guggenheim's book {46), and recent advances have been reviewed by 
Beyer (j^). 

Barger and Dale (7) studied the adrenaline-like effect of a large 
number of compounds, and they found that approximation to adrenaline 
in the chemical structure is, on the whole, linked with an increase in the 
sympathomimetic potency and also with a sharper specificity of the 
action. The effect on blood pressure in decerebrated cats was used to 
measure the activity of such compounds (Table 3). 


Table 3. Some Relative Effects on the Blood Pressure in Decerebrated 
Cats (isoamyl am in e = i), according to Barger and Dale (7). 


jS-Phenyleth via mine. 

^-3 

N-Methylhydroxy-tyramine 


^-Phenylethylmethvlamine. 


(Epinin) .' 

100 

Tyramine. 

10 

iSToy-adrenaline (Arterenol). 

1000 

N-Methyl-tyramine.j 

10 

/-Adrenaline. 

1077 

Hydroxy-tyramine. 

20 




The S5mpathomimetic action of natural and synthetic hydrox} - 
tyramine was di.scussed by Raymond-Hamet (J59). The effects of 
some cactus alkaloids on the frog heart have been discussed by Mogi- 
lewa { 121 ). 

Hordenine. The pharmacological action of anhaline (hordeninc) 
was first described by Heffter (58). In frogs it causes paralysis of 
the central nervous system without previous excitation. Camus {24-27) 
reported that the compound is slightly antiseptic; it also has an inhibitory 
effect on some soluble ferments. In mammals it shows relatively low 
toxicity. Small doses have no effect on the circulation of the blood; 
larger ones raise the blood pressure and accelerate the pulsation; in very 
large doses hordenine causes death by arrest of respiration. 

Rietschel (171, J72) found that the pressure effect is not of central 
origin and that hordenine stimulates the heart muscle. Although much 
less active than adrenaline, it is analogous in its action, resembling 
ephedrine rather than adrenaline. According to Raymond-Hamet (155, 
156, 1^8) and Luduena (ji6), hordenine displays a nicotine-like action. 
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In large doses it decreases or reverses the hypertensive effect of adrenaline 
[Raymond-Hamet (157)]. 

Candicine was first examined by Barger and Dale (7), and its 
pharmacological properties were thoroughly studied by Lewis and 
Luduena [108, log) as well as by Luduena {i 10-114, ti6). 

Candicine displays a nicotine-like action on the visceral nervous 
system, it first stimulates and then blocks the ganglionic synapse. It 
has no muscarine-like effect. In the dog, intravenous injection provokes 
hypertension owing to vasoconstriction due to stimulation of vaso¬ 
constrictor nerves and secretion of adrenaline from the adrenal gland. 
The adrenaline secretory effect is not modified significantly by yohimbine, 
cocaine or atropine. Sparteine and tetrapropylammonium iodide check 
this effect completely. Large doses (6 mg./kg.) of candicine have a curare¬ 
like action in the dog; this effect has also been observed in the toad, 
Bufo arenarum. The I- 50 is 5 mg. per 100 g. for the rat, death occurring 
owing to respiratory paralysis. 

Coryneine had already been examined by Barger and Dale (7); 
further data were given by Reti, Arnolt and Luduena {168). The 
action is very similar to, but more intense than that of candicine. 

Mezcaline. In the frog, mezcaline causes narcotic effects (dose, 15 
to 30 mg.). In rats the lethal dose is 2omg./ioog. (Luduena). Rabbits 
are extraordinarily resistant to mezcaline [Slotta and Muller (x«^9)]; 
injection of even 0,1-0,25 g. of the hydrochloride per kilo body weight 
causes no visible symptoms. Dogs and particularly cats are more sensitive. 
A dog after having received a dose of 0,2 g. of mezcaline hydrochloride 
showed the following strange behavior; the dog started to whine and 
bark but not at the observer, but towards the opposite side of the cage; 
when called, it turned and wagged its tail. 

Raymond-Hamet (15J, 1^4) found that small doses of mezcaline 
do not have any effect on the blood pressure of dogs; while larger ones 
(20. mg/kg.) caused hypotension. Mezcaline is antagonistic to the pressor 
action of adrenaline and the subsequent vagal effect. Slotta and 
Muller (i8g) observed that 40 to 50% of the mezcaline fed to rabbits 
is excreted in form of trimethoxyphenylacetic acid; the latter is not 
found in human urine after the administration of mezcaline. According 
to Richter (170) mezcaline is excreted by humans unchanged, at least 
to a high extent (recovery, 58%). Bernheim and Bernheim {13) studied 
the mechanism of mezcaline oxidation in the rabbit. Grace (45) observed 
that intravenously injected mezcaline produces respiratory depression 
and a fall in blood pressure in anesthesized cats and dogs. It stimulates 
the contractions of the intestine and uterus in situ but not that of the 
isolated organs. 
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The most striking physiological effect of the pellote is the production 
of visual color hallucinations. According to Heffter (62) amongst the 
pellote alkaloids only mezcaline is responsible for these symptoms, 
although Lewin (J05) attributes a certain hallucinatory power to an- 
halonidine. Taking into account the high percentage of isoquinoline 
bases in pellote and their strong toxicity, the effects of intoxication by 
pellote are evidently not identical to those produced by the administration 
of pure mezcaline. Nevertheless, in both cases, the visual hallucinations, 
described by different observers are of a similar nature. 

Pellote inebriation has been described by numerous authors such as 
Prentiss and Morgan (156, jjy), Heffter (62), Weir (227), Have¬ 
lock (57), Rouhier (180), Hobschette (77), and others. The action 
of pure mezcaline salts was reported by Dixon (32), Buchanan (20), 
Foerster (38), Beringer (jj), Marinesco (r/9). etc. In Beringer's 
book (jj) numerous cases are reported and a full bibliography is given. 

Marinesco {120) has also published an interesting study in which 
the impressions of two artists during mezcaline intoxication are described, 
and six colored plates, painted during the effect of the drug, are 
reproduced. 

Color visions were provoked by doses of 0,36-0,44 g. of mezcaline 
sulfate distributed in several subcutaneous injections (Marinesco). 
The state of intoxication and the visions lasted for 5 to 10 hours. The 
effects varied widely in different individuals. The most characteristic 
symptom is that of wonderful visual color hallucinations. Clear 
consciousness is generally preserved and the subject is fully aware of 
his condition. Sensory illusions and transposition of sensorial excitation 
are the interesting factors in this inebriation. Ordinary objects appear 
to be marvelous. Sounds and music are ‘‘seen’' in color. In comparison, 
the impressions of everyday life seem pale and inert. Color symphonies 
and new, unknown colors of unimaginable beauty and brilliancy are 
perceived. Euphoria is not always present. Hallucinations of hearing, 
taste or other senses were reported more rarely. Bradycardia, nausea, 
a feeling of oppression in the chest, faintness, and headache may also 
occur. 

The interest in these remarkable properties of mezcaline has led to 
the synthesis of numerous similar compounds (p. 259). However, the 
slightest structural changes destroy the typical effects of mezcaline. 
Until now no natural or S5mthetic compound with the pharmacological 
properties of mezcaline has been found. 

Trichocereine was first examined by Luduena (115). The lethal 
dose in the rat is approximately 22 mg. of hydrochloride per 100 g, weight. 
In this animal trichocereine causes excitation, tremor convulsions, para¬ 
lysis of the extremities, and respiratory paralysis. In dogs large doses 
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provoke a fall in blood pressure. Ingestion of 0,55 g. had no apparent 
effects in a self experiment of Luduena; especially, no effects of a sensory 
nature were noted. 

Anhalonine was examined by Heffter (6j); 5-10 mg., when injected 
in the frog, produced an increase in the reflex excitability after a phase 
of paresis. In the rabbit similar symptoms are observed but general 
hyperexcitability predominates. 

Anhalonidine [Heffter (62)]. Doses of 20-25 hydro* 

chloride produced narcosis in the frog followed by increased excitability. 
Larger doses caused complete paralysis. Doses of 30-50 mg. provoked 
a curarizing effect. No significant symptoms have been observed in 
mammals. 

PeUotine [Heffter (67)]. In doses of 5-10 mg. pcllotine caused 
temporary convulsions in frogs, and the same effects were observed in 
dogs or cats. Several authors, cited by Joachimoglu and Keeser {86) 
believe that pellotine could be used in man as a relatively safe narcotic. 

Lophophorine [Heffter (67)] is the most toxic of the bases obtained 
from Anhalonium lewinii] 0,25-1 mg. of injected hydrochloride, provokes 
a long lasting tetany in the frog. Although the animal recovers, the 
increased excitability may last for several days. There is no action on 
the isolated frog’s heart. In rabbits 7 mg. of lophophorine per kg. body 
weight produces hyperexcitability and accelerated respiration; 12,5 mg. 
per kg. provokes tetany; and 15-20 mg. per kg. is the lethal dose. Intra¬ 
venous injection of 2,5 mg. causes an increase in blood pressure; larger 
doses a fall. There is no effect on the heart. 

Carnegine. Its pharmacological action is very similar to that of the 
isoquinoline bases obtained from Anhalonium lewinii [Heyl (75); Mogi- 
LEWA ( 727 )]. The lethal dose in the frog is 3-4 mg.; the Injection of 
2-3 mg. of hydrochloride produces increased reflex excitability and 
convulsions; larger doses cause paresis. Carnegine provokes convulsions 
also in warm-blooded animals. 

Pilocereine, Doses of 1-2 mg. of the hydrochloride provoke central 
paralysis in the frog. The heart dilates more in diastole, and the systolic 
contractions become gradually weaker, without any change in the heart 
rate. Finally, the heart stops in diastole, apparently due to damaged 
heart muscle. Death in warm-blooded animals is due to stopping of the 
heart [Heyl (75)]. 

Salsoline. According to Gvishiani {48), salsoline resembles papaverine 
in its effects on blood circulation, and hydrastinine in its action on smooth 
muscles. Its use in the treatment of hypertension has been reported by 
Waste (226). 
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I. Introduction. 

The plant proteins may be divided into at least two large groups 
on the basis of mode of occurrence and biochemical function. These 
groups are respectively the reserve proteins of seeds and the functional 
proteins of the vegetative organs of the plant. 

The seed proteins, which may be accumulated to relatively high 
concentration, appear to be predominantly reserve materials and to 
serve as a source of nutritive material for the germinating seed. Specific 
enzymatic or other biochemical functions have with rare exceptions 
not been as yet associated with the proteins of the seed. Nevertheless, 
perhaps because of their ready availability, the seed proteins have been 
extensively investigated over a long period and form at present one of 
the relatively well-characterized protein groups. 

The proteins of the vegetative portions of the plant, those of the 
growing or functioning leaf, stem, root, etc. have been^ studied much 
less extensively than have the seed proteins. It is now clear, however, 
that the functional proteins are of great biochemical interest since they 
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comprise the enzymatic systems responsible for the wide variety of 
metabolic processes of which the higher plant is capable. The detailed 
study of plant growth and plant metabolism will no doubt entail a still 
more comprehensive study of the individual proteins of the vegetative 
portions of the plant than has as yet been possible. The study and 
characterization of the proteins of the vegetative portions of higher 
plants has undoubtedly lagged in part because of the difficulties inherent 
in the extraction and preparation of native protein from such tissue. 
Suitable methods for large scale preparation of plant proteins from 
leaves and other vegetative organs are, however, now available and within 
the past few years considerable advances have been made in our under¬ 
standing of the kinds and roles of the various component proteins of 
these tissues. 

This review will summarize the present information concerning the 
plant proteins, and, it is to be hoped, may serve to stimulate further 
investigations of these important materials. 

II. Proteins of Cereal Seeds. 

The proteins of the cereal seeds and of wheat in particular have been 
the subject of intensive investigation for many years because of the 
importance of the wheat protein, 
gluten, in formation of a cohesive 
dough in the process of bread making. 

The proteins of the wheat seed have 
been divided by Osborne (^5) and 
others into three principal components, 
viz. (a) the gluten proper (insoluble in 
water or in dilute neutral salt solutions), 
which forms the bulk of the seed 
protein, (6) an albumin, viz, leucosin, 
and (c) a globulin. Gluten in turn 
consists of two major components, 
glutenin, a glutelin (soluble in dilute alkali) and gliadin, a prolamine. 
The amounts of these components in typical samples of whole wheat 
grains is given in Table i. 

Glutenin and gliadin are localized in the aidosperm of the grain and 
make up the reserve protein proper of the seed. Both leucosin and the 
wheat globulin are on the other hand localized in part in the embryo 
and in part in the endosperm. It is entirely possible that these two 
components may make up the cellular proteins of the embryo and of the 
storage tissue rather than reserve protein. Careful study of the enzymatic 
properties of these non-gluten proteins should reveal whether or not they 
do have actual metabolic functions. 


Table i. Component Proteins 
of Whole Wheat Grains 
[Osborne (ji)]. 



% of dry weight 

Component 

in spring 
wheat 

in winter 
wheat 

Glutenin .... 

4.b8 

4.17 

Gliadin. 

3.9b 

3.90 

Globulin .... 

0,62 

0.63 

Leucosin .... 

o »39 

0.36 


19 * 
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Despite the fact that glutelin and gliadin have long been considered 
as individual protein species, there is now evidence that both of these 
proteins are in fact complex and consist of several components. Thus 
gliadin consists of at least two fractions which may be distinguished by 
their electrophoretic mobilities (jg). Gliadin as a whole appears, however, 
to have a molecular weight of approximately 34000 (24). Glutenin may 
be separated into a series of fractions by fractional precipitation from acid 
solution with neutral salts (29, 30). The most soluble fractions have lower 
a})parent molecular weights than the less soluble fractions, the lowest 
being of the order of 39000 (29). In the less soluble fractions the protein 
molecules are apparently associated into loose aggregates, and accurate 
molecular weights have nc^t yet been obtained. Both gliadin and glutenin 
occur in solution as elongated molecules, the axial ratio of glutenin (j) 
approximating 47:1 while the axial ratio of the gliadin fraction has been 
variously estimated as between ii:i {34) and 26:1 (j). 

The extensive work on amino acid analysis of the seed proteins of 
wheat which has been carried out in recent years has confirmed the fact 
that gluten is particularly rich in glutamic acid, which may occur in 
proportions as high as 46% of the total in gliadin (Table 2). Smaller 
proportions of glutamic acid appear to be present in the glutenin fraction. 


Table 2. Amino Acid Composition 
[Block and 

of Gliadin, 
Bolling (.^)]. 

, Glutenin and of Zein 


1 % of weight of protein 

Amino acid 

wheat gliadin 

1 wheat glutenin 

j maize zein 

Arginine . 


1 

4.7 

1 

1,6 

Bysine. 

o,b 

3,9 

0,0 

Histidine. 

2,3 

1.8 

0,8 

Tyrosine . 


5.1 

5*9 

Tryptophane. 

0,9 

1.8 

0,2 

Phenylalanine. 

2.5 

2,0 

6,6 

Cystine. 

2.3 1 

3.7 

r,o 

Methionine. 

2,3 

— 

2,5 

Serine. 

0.1 

0.7 

— 

Threonine. 

3.0 

— 

2,5 

Leucine and isoleucine. 

6,0 ! 

6,0 

3.0 

Valine .* - 

3.0 

1,0 

3.0 

Glutamic acid. 

46,0 

27,2 

35,6 

Aspartic acid . 

1.4 

2,1 

3*4 

Glycine . 

1,0 

1,0 

0,0 

Alanine . 

2,5 

4,4 

9.9 

Proline . 

13.2 

4.4 

9*0 

Hydroxyproline . 

— 

— 

0,0 

Ammonia . 


4.0 


% of total accounted for. 

98,3 

69.8 

- 85,0 
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A summary of the amino acid components of these proteins together with 
that of the zein of maize appears in Table 2. 

Seeds of cereals other than wheat contain in general a similar com¬ 
plement of proteins. Thus, seeds of barley, rice and rye contain a small 
proportion of protein soluble in neutral salt solutions and similar to the 
albumin-globulin fraction of wheat. Ghitelin and, particularly, prolamines 
are known from sorghum, barley, rice, rye and maize. The prolamine of 
maize, zein, is, like gliadin, not a homogeneous chemical compound but 
is made up of a series of components which may be distinguished on the 
basis of their electrophoretic mobilities (57). That the prolamines of 
various species differ from one another in amino acid composition may 
be seen by comparison of the values for zein with those for gliadin in 
Table 2. 


III. Proteins of Seeds of Dicotyledonous Plants. 

The proteins of seeds other than those of the grasses present an 
entirely different situation, as has been known for many years. In the 
seeds of dicotyledons (as opposed to the monocotylcdonous cereals) the 
dominant reserve protein is frecpiently a globulin or globulin complex 
which is contained in the cotyledons or other reserve organs of the seed. 
This protein may be extracted from the ground seed with dilute neutral 
salt solutions and may be precipitated from such solutions by 0,5-1,o 
saturated ammonium sulfate, by dialysis against distilled water, or by 
other means. 

In several cases, careful precipitation results in separation of the 
globulin in the crystalline state, and such crystalline seed globulins have 


lable 3. Amino Acid Composition of Various Seed Globulins [Smith 

and Green (.^5)]. 


Amino acid 


Content of amino acid in % weight of protein 


Edestiu 

Pmnpkin 

Squash 

Wateniieloii 

! Cucumber 

1 

Tobacco 

Arginine. 

16,7 

■ 10,2 

16,2 

17.9 

15.8 

16,1 

Histidine. 


2,2 

2,2 

2,2 

2.3 

2,2 

Lysine. 

2.3 

2.8 

3.0 

2,9 

2.9 

1.6 

Threonine. 

3.1 

2,6 

2,8 

2,9 

3.6 

4.2 

Leucine. 

7.4 

8.0 

8,0 

7.5 

9.1 

10,5 

Isoleucine. 

6,2 

5.1 

5.5 

5.7 

5.5 

6.3 

XTaline. 

6,6 

b,5 

b.5 


7.0 

6.7 

Tyrosine. 

4.3 

4.4 

4.4 


4.6 

4.1 

Tryptophane .... 

1,2 

1.7 

1.7 

1.9 

1.9 

1.5 

Phenylalanine ... 

5.4 

7.2 

6,8 

7.7 

6,5 

5.7 

Methionine. 

2,2 

2.3 

2,3 

2.8 

2.5 

2,2 

Cystine. 

1.3 

1.1 

I,I 

I, I 

1,1 

i.i 
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provided classical examples of crystalline proteins as in the case of edestin 
(from hemp seed). Crystalline globulins may also be prepared from the 
readily available seeds of tobacco, pumpkins, squash, watermelon and 
cucumber (51). The seed globulins have in common molecular weights 
(^9) in the range of 200000-400000 and a generally somewhat similar 
amino acid composition, as is shown in Table 3. The seed globulins differ 
from the cereal prolamines in a lower content of glutamic acid and in 
relatively high contents of arginine, leucine, isoleucine, and valine. 

Critical work on the homogeneity of the crystalline seed globulins 
remains to be carried out although edestin appears to be essentially 
homogeneous in the ultracentrifuge (2). Detailed work on the proteins 
of peanut, soybean, cotton seed, and pea has shown on the other hand 
that in these cases the globulins present each represent a complex mixture 
of two to many components. Thus, the peanut contains two principal 
protein fractions, arachin and conarachiii, which differ in isoelectric point 
and may hence be prepared individually. These two globulins differ also 
in amino acid composition, arachin being lower than conarachin in both 
tryptophane and methionine (jo). Neither of these two globulins repre¬ 
sents, however, a homogeneous chemical compound. Thus electrophoretic 
analysis has shown that both contain approximately 80% of a common 
constituent, globulin A. Arachin contains an additional 20% of a 
globulin B while conarachin contains 20% of a mixture of further minor 
components (20, 21). Ultracentrifugation of peanut globulin by Johnson 
(2j) has confirmed the above conclusions as to the heterogeneous char¬ 
acter of this protein. Its heaviest component was found to have a mole¬ 
cular weight of 396000. The lower molecular weight fractions are in part 
closely related to this heavy fraction since the latter was shown to dis¬ 
sociate in dilute solutions to yield a fraction of half the original molecular 
weight. [Cf. also (22).] 

The proteins of the pea cotyledon like those of peanut consist of a 
series of globulins in addition to other minor components. At least three 
electrophoretically distinguishable components are contained in the 
globulin fraction (28, 33). The soybean likewise contains not one but 
a series of globulins (jj). 

In the extraction of the seeds of dicotyledonous plants it has been 
repeatedly observed that only a limited portion, 50-90%, of the total 
protein can be removed in truly soluble form. The nature of the residual, 
non-readily extractable protein has long remained obscure. It seems, 
however, quite possible that this insoluble seed protein may represent 
material present in the cell in particulate form, perhaps as mitochondria 
or other particulate inclusions of the cytoplasm. This particulate protein 
may well be of physiological significance in the seed in connection with 
the metabolic transformations which occur during germination, for 
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example, in fatty acid oxidation or in other oxidative processes. It is 
of course now well established that in animal tissues such oxidative 
processes are in a large measure associated with the particulate matter 
of the cytoplasm. 

Only a limited amount of information is available concerning the 
enzymatic properties of the seed globulins. Surprisingly enough, the 
crystalline globulins of curcurbit seeds are reported to have a definite, 
although low, activity in the decarboxylation of oxaloacetate (50). 
Whether this is actually due to the globulin itself or to an associated minor 
constituent has not, however, been critically established. It should not 
be forgotten, in any case, that crystalline urease was obtained by Sumner 
as the first crystalline enzyme {48) and that this urease is a component 
of the seed protein of the jack bean. In general, however, it has not been 
demonstrated that the major seed globulins possess specific enzymatic 
functions, and it remains possible that they serve primarily as reserve 
proteins which are made available to the seedling on germination. The 
methods now available for the study of protein mixtures should make 
possible investigations of the behavior of the individual seed proteins not 
only during germination but also during protein synthesis and accu¬ 
mulation in the developing seed. 

IV. The Leaf Proteins. 

Preparation. 

The study of the proteins of green leaves is of special interest since 
these organs contain much of the enzymatic mechanism for the wide 
variety of organic syntheses of which the plant is capable. Nevertheless, 
the mere preparation of native protein from leaves has proved to be much 
more difficult than preparation of such protein from seed material. The 
leaf is in general highly hydrated and the protein concentration of the 
fresh leaf as a whole is correspondingly low. Thus, the protein of the 
spinach leaf ordinarily makes up less than 5% total fresh weight. 

This is to be compared with the seed in which protein may make up 40% 
or more of the weight. It has nevertheless been possible in recent years 
to prepare the native proteins of green leaves and to study not only the 
biochemistry of the extracted materials but also to characterize the 
preparations by physical methods. 

The proteins of the green leaf may be devided, on the basis of location 
within the cell, into three major categories, namely the chloroplastic 
protein of the green chloroplasts, the nuclear protein of the nuclei, and 
the cytoplasmic protein contained in the cytoplasm proper. The location 
of these three major types of protein in a typical plant cell is shown in 
Figure i. 
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Surrounding the entire cell is the cell wall, composed principally of 
polysaccharides and polyuronides. Within the cell wall is a thin layer of 
cytoplasm bounded on the outside by the plasma membrane and on the 
inside by the inner membrane or tonoplast. Imbedded or dispersed in 
the cytoplasm are the saucer-shaped chloroplasts, typically 3--10 microns 
in diameter and i~2 microns in thickness. Of the order of 10-100 such 

chloroplasts are ordinarily contained 
in the spongy parench3mia or palisade 
cells of the leaf. Also imbedded in 
the cytoplasm is the nucleus, a single 
nucleus per cell. Nucleus, chloro¬ 
plasts, and cytoplasm together make 
up the protoplasm of the cell., The 
central portion of the cell within the 
tonoplast is occupied by the vacuole, 
which contains primarily water to¬ 
gether with low-molecular solutes 
such as inorganic salts, organic acids, 
tannins, etc. Proteins if present in 
the vacuole occur there only in small 
amounts. 

In order to release the proteins 
from the leaf it is then necessary to 
grind the tissue in such a way as to 
rupture the cellulose cell walls, so 
that the protoplasmic contents may 
be extracted. In such grinding and 
extraction it is, however, inevitable 
that the protoplasmic contents will 
become mixed and diluted with those 
of the vacuole. Thus at the very 
first stage of extraction of the pro¬ 
teins of the leaf (or of any other highly vacuolated tissue) a very 
considerable dilution of the protoplasmic constituents is brought about. 
In many cases the vacuole may also contribute materials or conditions 
(such as excessively low or high concentrations of tannins) which 
may denature the protoplasmic proteins, and the possibility of such 
effects must be recognized and guarded against. 

The earliest comprehensive studies on leaf proteins are those of 
Chibnall (ii) whose extraction methods include a preliminary destruction 
of the semipermeability of the tissue by immersion in ether. The leaves 
were then pressed to express the vacuolar contents, and the residue 
ground and extracted with water. The green aqueous extract was then 



CeU Wall 


Chloroplasts 


Cytoplasm 


Vacuole 


Fig. I. Diagrammatic representation of a plant cell. 
After WiLDMAN and BoNNER { 54 )- Cell at right 
with numerous chloroplasts is an intact cell. All 
other cells have been cut through and illustrate the 
peripheral distribution of leaf protoplasm enclosed 
by the cell wall and surrounding a large vacuole. 

[From; Arch. Biochemistry!^, 381 (1947).] 
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separated from the residue of unground tissue and cell wall debris by 
a coarse filtration. The extract thus obtained consisted mainly of chloro- 
plasts (or chloroplast fragments) suspended in a clear yellow solution 



Hopper 


Swirl Arrestor 
Head 


Inlet Turbine 

Kotor 

Stator 

Stator Housing 
Seal Plate 
Head Stud 

Ji.R.G. H.S.G. & Stator Suppor 
Head Stud Nut 


Packing 

Bushing 

Adjustment Nut Lock Screw 

Adjustment Nut 
Adjustment Nut Housing 


Motor Support 

Thrust Bearing 
Thrust Bearing Cap 


Shaft 

Coupling 


Fig. 2. The cx>lloid mill or high speed centrifugal grinding device used by WildmaN and BoKNER {54) for 
extraction of protein from leaves and other plant tissues. The plant material is introduced through the 
hopper, ground between rotor and stator, and pumped out throug^i the outlet pipe. The motor is mounted 

below the coupling. 


composed of the cytoplasmic constituents. To the particulate fraction, 
removed by filtration or by centrifugation, Chibnall applied the name 
**chloroplastic protein”. The proteins of the clear yellow filtrate, or ‘"cyto¬ 
plasmic proteins”, may be freed from associated non-protein material by 
dialysis or by precipitation either at the isoelectric point, by neutral salts 
or by protein denaturants. 
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The general methods of Chibnall (ii) have been used by later workers, 
although in general the ether immersion has been avoided, more efficient 
grinding methods have been employed, and the importance of carrying 
out the entire procedure at temperatures below 5® C. has been increasingly 
appreciated. Although the blendor has been employed extensively for 
grinding of leaf tissue it has been shown that more efficient extraction 
and better control of temperature can be achieved by the use of the colloid 
mill, a high speed centrifugal grinding device provided with a jacket 
for the circulation of cooling water (Fig. 2). With the aid of the colloid 
mill it has ben possible to recover over 90% of the total nitrogen of the 
leaf in the whole protoplasm extract (5^). Of the residual nitrogen 
a portion at least is present as the protoplasmic contents of cells not 
ruptured by the grinding treatment, and it has been shown that the 
analytical properties of this residual material is closely similar to that 
of the extracted fraction (27). The unextractable nitrogen associated 
with cell walls, etc., appears to be negligible in the case of the leaves thus 
far examined. 

The application of Chibnall' s methods makes possible then a resolu¬ 
tion of the leaf proteins into two major categories, namely the chloro- 
plastic and cytoplasmic fractions. Nuclear protein, although it must be 
also present, makes up so small a proportion of the total that it has thus 
far escaped detection. The distribution of nitrogen and dry weights in . 
a typical spinach leaf fractionation is illustrated in Table 4 (54). It must 
be borne in mind that the proportions represented in the several fractions 
may well vary from species to species and may vary also with the same 
species according to the circumstances under which the plant is grown. 
In any case it is clear that the chloroplasts may make up one-fourth of 
the dry weight of the leaf in spinach and may contain 40% of the total 
leaf nitrogen. Similar results have been obtained for leaves of tobacco, 
tomato and various grasses {15-iy, 59), and Neish (53) has shown with 
still further species that the chloroplasts contain 24% or more of the 


Table 4. Distribution of Cellular Constituents of the Spinach Leaf 
[WiLDMAN and Bonner (54)]. 


Fraction of 

% of dry weight 

% of fresh weight 

% of total 
nitrogen 

Cell walls. 

23.8 

2.5 


Protoplasm. 

76,2 

8.2 1 

lOO* 

I. chloroplasts. 

26,8 

2»7 

37.9 

2. cytoplasmic proteins. 

15.8 

L9 

39.3 

non-protein constituents ....... 

S ^.6 

^.6 

22.8 


* The amount of extractable nitrogen is arbitrarily taken as 100%. 
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leaf dry weight. The cytoplasmic proteins make up on the order of 16% 
of the leaf dry weight and account, in the example of Table 4, for roughly 
40% of the total leaf nitrogen. 

Properties of Chloroplastic Protein. 

The chloroplast is not a homogeneous body but possesses structure in 
the sense that it is made up of discrete saucer-shaped bodies, the grana 
(14, 36). The grana vary in size as between different species but range 
in diameter from perhaps 0,2 microns to as large as 2 microns in some 
instances. The grana of the spinach chloroplast are on the average roughly 
0,6 microns in diameter by 0,1 microns in thickness. The grana contain 
the green chloroplastic protein and appear to be suspended in a colorless 
matrix, the stroma. The entire chloroplast, containing roughly 10 to 
100 grana together with the stroma, is further surrounded by a semi- 
permeable membrane so that the intact chloroplast exhibits osmotic 
phenomena, shrinking in hypertonic solution and swelling, often times 
with rupture, in hypotonic solution. The chloroplast itself is frequently 
found to be readily ruptured by the grinding needed to extract the tissue 
proteins. Thus with spinach leaves, the chloroplastic protein is usually 
obtained as a suspension of grana or as irregular floes of grana rather 
than as intact chloroplasts. With many species intact chloroplasts can 
be obtained only by observing special precautions including grinding of 
the tissue for only a brief period and in an isotonic solution (J5), With 
other species, however, such as tobacco, tea, oat and tomato, the chloroplasts 
are more sturdy and may be readily obtained as preparations of the 
intact bodies (74, 75, 25). Intact chloroplasts may in turn be fragmented 
to their constituent grana by immersion in hypotonic solution or by 
further grinding. 

Nothing is known concerning the composition of stroma and attempts 
to separate this fraction of the chloroplast have thus far failed (54). It 
seems probable, however, that stroma makes up at most but a small 
proportion of the total mass of the chloroplast. The composition of the 
chloroplastic material as a whole (chloroplasts or grana) has been sub- 


Table 5. Gross Composition of Chloroplasts or of Chloroplastic 
Fragments of Leaves of Various Species. 


Species 

% protein 

% total Upid 

%a8h 

% ddomphyli 

Referanoe 

Spinach. 

40 1 

25 

17 

_ 

(22) 

Spinach. 

48 

37 

8 

7 » 6 - 8,3 

(J*) 

Spinach. 

42-54 

26-32 

— 

6 

( 9 ) 

Spinach. 

54 

34 

7 

— 

(12) 

Sweetpea. 

33-50 

18-30 

— 

4-6 

( 9 ) 

Clover. 

SO 

22 

— 

— 
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jected to repeated study and a summary of the gross chemical compo¬ 
sition of a number of species is given in Table 5. 

Between one-third and one-half of the total mass of the chloroplastic 
material is made up of protein, the exact amount varying with species 
and with the investigator. Roughly one-fourth to one-third of the total 
mass is made up of a fraction soluble in ether or cther-alcohol mixtures 
and has been referred to as “total lipid*'. This fraction includes not only 
lipids proper but also the chlorophyll and carotenoids of the chloroplast. 
Chlorophyll itself makes up some 8% of the dry weight while carotenoids, 
generally less than one-fifth of the chlorophyll in amount, may be expected 
to make up less than 2% of the dry weight of the chloroplastic material. 
The balance of the total lipid fraction of the chloroplast is said to include 
fats, fatty acids, and possibly sterols (jj). Inorganic materials, including 
particularly calcium, magnesium and phosphorous, are present in the 
grana together with smaller amounts of heavy metals, particularly iron 
and copper. 

In the chloroplastic material of the grana the varied components, 
proteins, chlorophyll, carotenoids, fatty materials, and inorganic com¬ 
ponents are bound together in a tightly organized structure which may 
be dispersed in true solution only by rather drastic treatment. Prolonged 
grinding of grana or of whole leaves results in rupture of a portion of the 
grana which may then be obtained as a stable green suspension. This 
material still consists of relatively large particles since they may be 
detected in the dark-field microscope and may be centrifuged out by 
moderate centrifugal fields as has been observed by Stoll and Wiede¬ 
mann (46), Such suspensions are also inhomogeneous in the ultracentri¬ 
fuge and are therefore apparently poiydisperse [Smith {40-42)1, The 
slightly turbid green solutions of fragmented grana may be further dis¬ 
persed by the action of bile salts, digitonin or of sodium dodecyl sulfate 
{43> 44 > 4 ^)- 

The properties of the solution obtained depend on the detergent used. 
Thus, a sodium cholate treated preparation of ground Aspidistra 
chloroplasts was found by Stoll, Wiedemann and Rubgger (^7) to be 
electrophoretically homogeneous, monodisperse, and to have an apparent 
molecular weight of 5 X 10®. This material contained protein, and pigments, 
and lipoids in the same proportions as did the original chloroplasts. Smith 
and Pickets {43, 44) found on the contrary that digitonin as well as bile 
salt treatment cleaves chlorophyll from the protein, and that the pigment- 
free protein may then be sedimented with an apparent molecular weight 
of only 265000. Sodium dodecyl sulfate cleaves the protein into small 
fragments although the pigments remain attached. In summary, it is 
not clear that any mechanical treatment thus far applied has satis¬ 
factorily resolved the granum into molecularly dispersed material re- 
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presentative of the original granum in composition. The use of detergents 
can apparently result in the breakdown of grana fragments into still 
smaller units. The size of the units obtained as well as their chemical 
nature (pigment-containing or pigment-free) appears to depend on the 
detergent used. 

It is clear that the granum has associated with it enzymatic properties 
which suggest the presence of several different types of enzymes. Thus 
the chloroplasts of some species contain catalase (33), an iron-porphyrin 
enzyme; while a copper enzyme, polyphenoloxidase, is present in the 
chloroplasts of tea (25) and chard (i), Grana preparations also contain 
the enzyme system for the Hill reaction, the photolytic decomposition 
of water with attendant reduction of ferric iron or of various quinones 
(18, 29). Starch phosphorylase is also present in the chloroplasts according 
to Yin (59). These enzymatic activities are firmly associated with the 
grana structure, and the enzymes have not as yet been extracted from 
the granum and obtained in true solution. 

In summary, methods for the preparation of chloroplasts and chloro- 
plastic protein are available and the prepared material may exhibit varied 
kinds of enzymatic activity. Complete chemical characterization of 
chloroplast composition and constituents remains as an important 
unfinished task, while the resolution of the chloroplasts into soluble 
individual protein constituents presents also an important problem. 

The Cytoplasmic Proteins, 

The proteins of the cytoplasm of the leaf cell differ from those of the 
chloroplasts in being freely soluble and may hence be separated and 
studied by the usual methods of protein chemistry. The cytoplasmic 
protein fraction is conveniently obtained from ground leaf brei by a 
preliminary filtration or centrifugation to remove cell wall fragments. 
The chloroplasts and grana may next be removed by centrifugation at 
20000 X gravity. The resultant brownish solution contains not only the 
cytoplasmic protein but, of course, also the other low-molecular con¬ 
stituents of the cell, sugars, organic acids, amino acids, etc. These may 
be removed by dialysis or the protein may be precipitated from the 
solution. The cytoplasmic proteins of several species are denatured and 
precipitated at pB. <4, and this method may Be used if the native protein 
is not required. Certain of the cytoplasmic proteins may also be preci¬ 
pitated from the whole cytoplasm by ammonium sulfate as will be dis¬ 
cussed below. In any case the yield of total cytoplasmic protein obtained 
has been found to amount to approximately 8 grams of protein per kilo 
of fresh leaves of spinach, tobacco and others (54, 58), 

The amino acid composition of whole cytoplasmic protein of several 
leaves has been subjected to analysis by various workers including 
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Table 6. Comparative Amino Acid Composition of Whole Cytoplasmic 
Protein of Leaves of Various Species [Chibnall (u)]. 

(Figures are given as % of total protein N). 


Amino acid 

Zea mays 

Ricinus 

communis 

Phaseolus 

multiflorus 

Dactylis 

glomcrata 

Spinacea 

cytoplasmic 

Oleracea 

chloroplastic 

Amide. 

5.4 

5.1 

5.4 

5.0 

5.6 

5.1 

Arginine. 

14.4 

12,9 

14.9 

15.5 

14.1 

13.9 

Histidine. 

2,1 

2,2 

2,6 

2.3 

2,2 

3.3 

l^ysine. 

6,1 


6.1 

6,0 

6,2 

4.7 

Tyrosine. 

2.3 

2,6 ! 

2,5 1 

2.3 

2.7 

2,6 

Tryptophane .... 

1,6 

1.7 

1.6 

1.8 

1.7 ! 

1.7 

Cystine. 

1.1 

1.5 

i.i ! 

1.4 

L 4 I 

1.2 

Methionine. 

L 3 1 

1.4 

r.i ! 

1,2 

L 3 i 

' L 3 

Aspartic acid.... 

j 

5.6 

5.2 

4.9 

5.5 


Glutamic acid ... 

i 

6.7 

6,7 1 

7.8 

6.5 1 

6.5 


Chibnall (ii). The results of these analyses, of which a portion are given 
in Table 6, suggest that the amino acid composition of the cytoplasmic 
protein of leaves of different species may be remarkably similar. In all 
cases the protein is characterized by a high content of arginine (about 

14-15%), by relatively low content 
of tryptophane (i,6-i,8%), and by 
a moderate content of lysine (about 
6%). It might be noted also that 
Chibnall (ii) has shown that the 
amino acid compositions of the 
cytoplasmic and chloroplastic pro¬ 
teins of a given species are likewise 
very similar, at least in the case 
of spinach. 

The cytoplasmic protein of the 
leaf represents not a homogeneous 
protein but rather a mixture which 
may be resolved by electrophoresis 
and separated by fractional pre¬ 
cipitation with salt. The latter 
method as applied to spinach (54) 
or to tobacco (5^) leaves results in 
a sharp separation into two frac¬ 
tions. The more insoluble fraction 
is precipitated by 0,32-0,38 satur¬ 
ated ammonium sulfate provided 
that the precipitation is carried out 
at o® C. (or lower), and provided 
further that the initial concen- 



Whole cytoplasm 



Fraction I 


Fig. 3. Electrophoretic scanning patterns of whole 
cytoplasnlic proteins of spinach leaves and of the two 
fractions obtained from the whole protein precipitated 
with 0,38 saturated ammonium sulfate. Ascending 
boundaries only. The blocks at ri^t indicate starting 
boundaries. After WihDVANK and BoKRSB (54). 

CFtom: Axoh. Biochemistry 381 (t 947 )<} 
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tration of protein is 1% or higher. This fraction, which may be purified 
by re-precipitation, is electrophoretically homogeneous (5^); a repro¬ 
duction of typical scanning patterns obtained from the re-precipitated 
material is given in Figure 3. This protein, which has been termed 
merely "Fraction I" protein (54) makes up 75-80% of the total cyto¬ 
plasmic protein in spinach but may amount to as much as 90% in other 
cases, e.g. in tobacco leaves {^8). The 10-20% of cytoplasmic protein 
not precipitated by 0,38 saturated ammonium sulfate, "Fraction 11 ", has 
been recovered by dialysis of the supernatant solution from the preci¬ 
pitation of "Fraction I". "Fraction 11 " contains a considerable number 
of constituents, at least five or six major components being recognizable 
in the electrophoretic scanning pattern. 

The mixture of proteins contained in "Fraction H", (the more soluble 
of the two principal fractions of spinach cytoplasmic protein), contains 
numerous enzymes and the activities of isocitric, malic, glutamic and 
alcohol dehydrogenases, fumarase, aconitase, peroxidase, catalase, poly- 
phenoloxidase and others have been recognized in this material {8, 54), 
"Fraction I" on the other hand has as yet only one recognized enzymatic 
activity; it functions as a phosphatase and is capable of the hydrolysis 
of ATP and of other energy-rich phosphate bonds. It is also active, 
although less so, toward glycerophosphate and other ester phosphates. 
Adenosine-triphosphatase activity appears to be closely associated with 
"Fraction I" protein, and attempts to separate enz>Tne activity from this 
protein by fractional precipitation have thus far proved unsuccessful. 

"Fraction I" protein of spinach and tobacco leaves contains bound 
purine derivatives, pentose, and phosphate, these moieties occurring in 
the ratio of 1:1:2 (56, 57). The whole complex may be split from the 
protein by one minute of heating in iV-HCl at loo"^, although further 
heating is necessary to release the phosphate as inorganic phosphate. 
The two phosphate residues may be differentiated on the basis that one 
is relatively labile to acid hydrolysis and is completely removed by 
sixteen minutes heating in iV-HCl at 100°, while the other is relatively 
stable to acid hydrolysis as are ester phosphates (57). The purine com¬ 
ponent appears to represent mainly adenine. In many respects, although 
not in all, "Fraction I" appears to represent then a nucleoprotein. 
Complete elucidation of the nature of th^ nucleotide component of 
"Fraction I" has not, however, been achieved. 

A further interesting fact concerning "Fraction I" protein is that 
in spinach leaves at least, this protein contains associated with it an 
auxiny viz. indole-acetic acid {54). The indole-acetic acid is firmly bound, 
is not removable by dialysis and can be freed only by digestion of the 
protein by proteolytic enzymes or by alkaline hydrolysis. The amounts 
of indole-acetic acid recovered by these methods are quite small, being 
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of the order of o,i microgram per milligram of protein {54) • Bound indole- 
acetic acid does not appear to occur in other fractions of the cytoplasmic 
protein, although certain animal proteins do yield indole-acetic acid 
on prolonged hydrolysis {38). While it is possible that the action of 
indole-acetic acid in promoting plant growth responses may involve 
a basic effect on the metabolism of energy-rich phosphate (5, 6, 7), and 
even though ‘Traction I” contains indole-acetic acid and also contains 
an adenosine-triphosphatase, it has not yet been possible to directly 
link indole-acetic acid to the enzymatic activity or function of “Fraction F'. 

The component cytoplasmic proteins of leaves of other species resemble 
qualitatively the proteins of spinach and tobacco in so far as they have 
been investigated. Thus, the electrophoretic scanning patterns of the 
soluble proteins of pea and bean leaves (jj) show one principal component 
together with more slowly moving minor components. Leaves of cucumber 
and Chinese cabbage also exhibit scanning patterns of a closely similar 
nature (55). It would appear therefore that the presence of a single 
major or bulk component is a property common to a number of leaf 
cytoplasms. 

Cytoplasmic Proteins of Leaves in Relation to Virus Formation. 

A special case of aberrant protein metabolism: of leaves is constituted 
by virus formation in leaves infected with a virus disease. A remarkably 
large proportion (25% or more) of the total protein of tobacco leaves 
infected with tobacco mosaic virus can be recovered as crystalline virus 
protein a few weeks after inoculation. This massive synthesis of virus 
protein is accomplished without an increase in the total protein of the 
leaf (jj). Production of the virus protein must therefore be conducted 
at the expense of the normal proteins of the leaf. 

WiLDMAN et al. (38) have addressed themselves to the problem of 
describing the behavior of the constituent normal leaf proteins during 
the synthesis of virus in infected leaves. The methods used in this 
investigation were similar to those described above for separation of 
the chloroplastic and cytoplasmic protein fractions of normal healthy 
leaves. 

The general technique consisted in infection of the apical leaf of 
tobacco plants (variety Havana or Turkish). The mature lower leaves 
were then removed periodically at times from 0 to 20 days after infection, 
the leaf samples ground etc., and the individual protein components 
subjected to determination and electrophoretic examination. It was 
found that within three days after infection a new protein component 
became apparent in the electrophoretic scanning pattern of the cyto¬ 
plasmic protein, as can be seen in Figure 4. This new component was 
separated from the other proteins by high speed centrifugation or separated 
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dixectly in the electrophoretic 
cell and proved to be infectious. 
It is hence apparently the to¬ 
bacco mosaic protein itself. With 
increasing time after inoculation, 
the virus component increases 
rapidly in amount for approxi¬ 
mately i6 days, after which time 
it attains a relatively stable 
concentration at 35-40% of the 
total cytoplasmic proteins. The 
scanning diagrams of Figure 4 
show, furthermore, that associ¬ 
ated with this rapid increase in 
virus protein is a corresponding 
decrease in the major component 
of the cytoplasmic protein, viz. 
‘Traction F*. The minor con¬ 
stituents appear on the contrary 
to be but little affected. This 
is true also of the chloroplastic 
protein of the leaves, as is shown 
in Table 7. 

Electrophoretic detection of 
virus in leaves has also been 
carried out by Frampton and 
Takahashi (ij). The scanning 
patterns obtained by these work¬ 
ers are, however, complicat¬ 
ed by the presence of large 
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Fig. 4. Course of appearance of tobacco mosaic virus in 
the cytoplasm of the leaves of Turkish tobacoo plants, 
as followed by electrophc>n*iic scanning pattern of whole 
cytoplasmic protein of leaves at various times after 
infection. i,o% solutions of protein. Arrow represents 
starting boundary. Time of migration lao minutes. 
Descending boundaries only [Wildman, Cheo and 
Bonner [From: J. biol. Chemistry x 8 o, 985 (1949)-] 


Table 7. Effect of Tobacco Mosaic Virus Infection on Protein 
Composition of Leaves of Havana 38 Tobacco [Wildman, Cheo and 

Bonner (54^)]. 


State of leaves 

Days after 

Dry weight 

Dry weight 
of leaves 

mg. per gram dry weight 

V of leaves 

Virus in 
% of total 

virus 

infection 

of leaves 
% 

cell free juice 
% 

chloroplasmic 

protdn 

cytoplasmic 

protein 

cytoplasmic 

proteins 

Normal. 

5 

11,0 

64,8 

146 

87 


Virus infected ... 

5 

10,8 

64.4 

144 

80 

0 

Normal. 

12 

10,9 

65.7 

145 

81 


Virus infected ... 

12 

11.4 

63.7 

13b 

84 

20 

Normal. 

17 

11,2 

64,1 

161 

70 


Virus infected . . . 

17 

12*4 

64.4 

146 

78 

40 


Fortschritte d. Chero. org. Naturst. VI. 30 
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amounts of a relatively non-mobile component. This non-mobile 
component has been shown to be related, although in an unknown way, 
to the use of phosphate buffer, and can be avoided by the use of cacodylate 
buffer (59). 

The fact that formation of a virus—tobacco mosaic in this case— 
appears to be associated with the disappearance of a corresponding 
amount of a normal cytoplasmic protein suggests at once the question 
as to whether the normal protein is partially or wholly degraded and 
then the component parts resynthesized to virus, or whether the normal 
protein molecules are somehow polymerized to virus with but little 
alteration. It has been shown above that the normal’ “Fraction 1 “ is 
a nucleoprotein as is tobacco mosaic virus, although direct comparisons 
of the nature of the two nucleic acids are not yet available. On the other 
hand, ,,Fraction 1“ protein possesses an associated enzyme activity, e. g., 
phosphatase activity, which appears to be absent from the virus. 

Perhaps the strongest indication of a close relationship in overall 
pattern between ,,Fraction I” protein and tobacco mosaic virus rests 
on immunological experiments. Thus a specific antibody prepared to 
purified “Fraction 1 “ (from non-virus infected plants) reacts not only 
with “Fraction I” but also with crystalline tobacco mosaic virus. 
Conversely, the antibody to crystalline tobacco mosaic reacts not only 
with its homologous antigen but also with “Fraction 1 “ (59). These * 
immunological cross-reactions of the two proteins are strongly indicative 
of some general similarity in structure and surface configuration between 
them. 


V. Proteins of Tissues Other than Leaves. 

The cytoplasmic proteins of tissues other than leaves have been 
investigated by modern methods only in a relatively few cases. Thus 
electrophoretic examination of the proteins of the potato tuber reveals 
one principal component and additional minor components as in leaves (ij). 
The same general methods used in the leaf work have, in addition, been 
applied to the coleoptiles of etiolated oat seedlings (56). In this case 
also, the protein of the tissue contains associated with it phosphorous 
which is in part labile, in part stable and resistant to hydrolysis as in 
the leaf. Although no published work has as yet described the separation 
and study of seedling proteins, still it is clear that these proteins must 
differ from reserve proteins of the seed in composition and physical 
properties. Briggs and Siminovitch {ga) have prepared the cytoplasmic 
proteins of tree bark and have shown by electrophoretic examination 
that it consists of five distinguishable components. Development of 
cold-resistance is associated with increase in three of these components. 
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Extension of the* methods so successfully applied to leaves for detailed 
study of the proteins of other tissues will be an important future task 
of the plant chemist. 

Vl, Conclusion. 

The application of electrophoretic and ultracentrifuge techniques 
to the study of some seed proteins has shown that these materials are 
clearly heterogeneous and that even such wclhdefined proteins as glutenin, 
gliadin, or the seed globulins may in fact be made up of several component 
protein species. Whether this fact has biochemical significance is still 
obscure. A measure of insight into the biochemistry of the plant has 
however been afforded by the investigations of recent years on the leaf 
proteins. The quantitative methods now available permit the ready 
preparation of both the particulate chloroplastic and soluble cytoplasmic 
proteins of leaves. The cytoplasmic proteins have been further separated 
into fractions differing in physical and enzymatic properties. The study 
and separation of these various components of the plant cell has had and 
is finding its application in such problems of plant biochemistry as the 
study of photosynthesis, of respiration and plant metabolism, and finally, 
in the study of virus reproduction. 
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I. Avant-propos. 

Le present article constitue un complement de la revue intituiee: 
«La spectrochimie de fluorescence dans retude des produits biologiques» 
que j*ai publide dans ccs Fortschritte en 1939. Je Tai r^dig^ en me pla^ant 
encore au meme point de vue, c’est-a-dire en considdrant remission par 
fluorescence en tant que connue dans sa copiposition spectrale: il s'agit 
done toujours d'un expose de «Spectrofluoroscopie». 

D'assez nombreux travaux de fluoroscopie spectrale ont ete publies 
dans ces dix demieres annees. Plusieurs comprennent des determinations 
sj)ectrophotometriques. D’interessantes recherches ont meme ete faites 
en 1941/42, par Jansen (5^), dans le domainc difftcile de la microspectro- 
photometric de fluorescence, avec applications en histologic. Un travail 
posterieur de Sj 5 strand (jji) est interessant au m^me point de vue. 
Voir aussi le livre recent de Pringsheim (93bis), 

Fallait-il s’en tenir rigoureusement a ce cadre ainsi deiimite et omettre 
par consequent de citer toutes les recentes observations sur la fluorescence 
ou I'examen spectroscopique n'a pas encore ete effectue.^ Je n'ai pas cru 
devoir le faire dans tons les cas, cela pour diverses raisons: il m*a sembie 
utile notamment d’attirer parfois Tattention sur ces lacunes. 

On constatera que j'ai fait une large place aux reactions de fluores¬ 
cence qui, particulierement dans le domaine des steroides, foumissent 
souvent des resultats bien remarquables. Un certain nombre de ces 
reactions peuvent du reste servir pour les dosages et sont done impor- 
tantes k connaitre a ce point de vue. 

Enfin un Appendic^ a ete consacre a la question bien distincte de la 
topographic spectrale des radiations excitant les fluorescences^y question 
qui, dans notre bref expose, a ete envisagee a part et en elle-meme autant 
que possible, malgre toutes ses relations avec retude des spectres d*emis- 
sion par fluorescence. 

Le lecteur s'etonnera peut-etre de trouver, dans cet article, si peu 
de renseignements sur Tinteressante question des relations qui existent 
entre la fluorescence et la constitution chimique des corps bien divers 
dont il est parl6. C'est, il faut le dire, un sujet encore aujourd’hui fort 
peu connu. Pour s'en convaincre, il n'y a qu'a lire, par exemple, la s^rie 
des M^moires de D. Bertrand (4) ou seule, il est vrai, la fluorescence 
visible est g^n^ralement prise en consideration. Outre de nombreuses 
remarques critiques, les Memoires de Bertrand contiennent d'interessantes 
vues originales pour Tinterpretation theorique des spectres de fluorescence. 

• Lewis (70), en I 944 » a- propos6 de r^server le terme de «Spectrofluorescence» 
pour designer precisement cette question de la fluorescence le long du spectre exci- 
tateur. Nous sommes d'accord avec lui. 
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11 nc semble pas (pie le momc'iit soil encore vena de donner iin expose 
systernatique sur ce sujet, la plupart dcs conclusions formulees jusqu'a. 
present ne poiivant etre considerees que coniine provisoiii'^^ et soiivent 
fort (iiscLitables. 


II. Hydrocarbones (glucides) et glucosides. 

Dans I’ouvrago iniblie on 1945 i)ar dk Mknt (74), so troiivont indiquos 
quelques spectres de fluorescence' de glucides*: 


I f Xylose. . / ^So ^ ^ m/f 

I .evulose. 3S0 a y^o 

Methylgluco'^e ... 400 a -'73 

})ar I Mannose. a 330 

fluoresccTR'e Maltose*. 3''^‘> a 330 

(solutions aqueust‘s) Inosite. 500 a J73 

Ack 1 (‘ ascorbic]lie. 400 a 3S0 

Ilex trine. 400 a J73 


11 nous a scinVde qii’il y avail lieu il’introduire ici U's chil'lres ])our I'acide ascor- 
biqiii' (vitaniine C), (itaiU donne (jue cet acide jieut etre ])rc])are a ])arlir de divers 
SUCH'S (xylose, sorbo.se, etc.). 

J.es valours ci-dessus .sont-elles vraiinent caractcTistiepu'S (au nioins 
d'un groupe)? Nems nc le croyons jias du tout; mais, apres (juek[ues 
hesitations, nous nous somines tout de nieme decide a les citer. 

Notons encore (-tue, d’apres les observations de Faukr et Kadnot (70), 
la fliKjrcscence blanche du glycogdme est bien vive (*t differiMite de cello 
des polysaccharides vegetaux tels que les divers amidons et la dextrine. 


Escorcemc. 


De tons les glucosides, cost rcsculine (glucosidt^ couinarique de 
VAesciilus hippocasianum) (pie les physiciens ont surtout etudiec comme. 
corps fluorescent. .L’esculetine (escult^tol), aglucone de resculine, est 
interessante au memo point de vue. Mais resconxdne, produit de sul- 
fonation de resculetine, possc'de une fluorescence encore beaiicoup plus 


HO /I 


HO 


CH 


CO 

I 

Cll 


EscuK-tine. 


* Ces determinations, ainsi que d’autres (aminoacides) qui seront consignees 
par la suite ont 6 t 6 obtenues, dit I’autcur, par Fllice McDonald, Director of the 
Biochemical Research Foundation. Newark, Delaware (determinations spectro- 
graphiques, emploi des rayons filtr^s de Tare au cadmium). Ces rcsultats seraient 
restes inixiits jusqu’en 1945* 
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forte et beaucoup plus remarquablc. Dhere et Bi^renstein {28) ont 
etudie Ics proprietes spcctrales d’absorption et de fluorescence de I’es- 
corceine, en operant sur des solutions acides, alcalines et ncutres, et ont 
ete anienes a distinguer trois types de fluorescence: 

i " Solutions acides. Klles sont orangees et transmettent, sans affaiblisse- 
ment notable, tons les rayons visibles jusqu’au milieu environ de la plage 
verte, oil commence une assez large bande d’absorption, peu intense, 
a bords flous. J^e spectre de fluorescence est constitue par une bande 
debutant dans le rouge et finissant dans le vert: Type I (de fluorescence). 


Solvant: Bantle d’ahsorption: Bande de fluorescence: 

Acide sulfuriquc. ^- 51 ' 471 X f)4() a X 55H m// 

Acicle acetique. 528 a 4<)0 648 a 553 


Dans I’acide acetique glacial, remission se j^rolonge jusqu’a X 547. 

2'^ Solutions alcalines. Elies possedent une tres belle couleur pourpre 
et presentent trois bandes d’absorption. Contrairement a ce que montrent 
les solutions acides, il y a une remarquable transparence dans la 
plage la plus refrangible, a partir de X 540 environ. Voici les determina¬ 
tions des bandes d’absorption pour une solution dans la soude njioo: 

Bande 1 X ()0() h X 585; bande fl X 578,5 a X 5^)7,5: bande 111 X 552,5 a X 54T. 

La bande 1 est la plus sombre; la bande 11 y est presque aecolee. La fluorescence 
cst extrernenient forte et d'un rouge orange; le spectre diff6rc nettement de celui 
des solutions acides en ce que la bande bnllante est beaucoup plus courte; ellc ne 
va memo pas tout a fait jusqu’au jaune proprenient dit. Cette bande est comprise 
eritre X 640 ct X 594: I'ypc IL (On aper^oit de plus dans la plage vert bleu, ^ partir 
de X 548, une faible lueur qu'on pourrail a la rigueur considerer comme une deuxieme 
bande.) 

3° Solutions neutres. Dans I’eau distillee, on obtient unc liqueur 
orangec dont Jc spectre d’absorption est, peut-on dire, une combinaison 
des spectres alcalin et acide. En effet, apres les trois bandes des liqueurs 
alcalines (la 2^ et la 3® a peine visibles), on observe une quatrieme bande 
correspondant a la bande unique des solutions acides, quatrieme bande 
etendue de X 530 a X 468. Quant au spectre de fluorescence, il comprend 
deux bandes: Tune dans I’orangd, de X 648 a X 591; I’autre (moins bril- 
lante) dans le vert, de X 578 a X 553: Type III. 

Ajoutons que Tescorceine est r^duite d’une fagon reversible par 
rhydrosulfite de sodium; la liqueur dt^color^e ne montre plus de fluores¬ 
cence orangee. 

Pour ce qui est des rayons excitateurs, il est interessant de noter que 
la fluorescence est excit^e par les rayons violets et ultraviolets; et que, 
de plus, la double raie jaune de la lumiere filtree du sodium ainsi que 
les deux raies Hg X 579 et X 577 excitent fortement la fluorescence des 
solutions alcalines, mais non celle des solutions acides. 
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Rutine. 

Cc glucosidc de quorcetinc (3,5,7,3'4'-pentaoxyflav()ne-3-nitinoside). 
— extrait des feuilles de Ruta graveolcns, des fleurs d(' Sambucus cana¬ 
densis, etc., et qui est maintenant utilise en tberaj)eutiqiie, — a ete 
etudie, en vue du dosage, par Glazko {4^) dans sa reaction de fluorescence 
apres addition d’acide borique. Les resultats fluorometriques seraient, 
a jdusieurs points de vue, superu'urs aux rt\sultats colorimetricjues. La 
fluorescence est de couleur verte; analysee au spectroscope, clle niontre 
une bande lumineuse comprise entre 620 et 7 510 m//.. 

III. Sterols et steroi'des. 

On sait depuis longtcmps quo ie cholesterol est fluorescent, remission 
etant comprise entre 7,500 el 7 380 m/i, d’apres Koffo (102) [entre 
536 et 425 m/^, d’apres Vles (125)]. 

Dans une longue serie de publications, Koffo a examine la cpiestion 
de savoir s’il existc une depcndance entre Tapparition de certaincs 
lesions cancereuses cutanees et la formation, en presence d’oxygene, 
d’un photoderiv6 du chok^sterol (production d'oxycholesterol) 
remarquablement fluorescent. Bien des resultats anciens de Koffo, 
notamment d’ordre pliysicochimique (que nous avons seuls a considerer 
ici) ont <^te fortement critiques et contestes*; et, au point de vue cliimique, 
on pent dire que la question a ete superieurement et definitivement misc 
au point en 1941 grace aux recherches approfondies de Windaus (126). 
Mais il convient d’exposer les resultats obtenus quant aux spectres de 
fluorescence, par Koffo Jr. (102), dans un travail special ayant paru a la 
fin de 1941. L’auteur a op6*e sur du cholesterol irradie, pendant 96 heures, 
avec une lainpe de quartz a vapeurs de cadmium. Get echantillon, en 
solution benzenique, possedait un spectre de fluorescence a trois bandes, 
les maximums etant sur 7, 446, 7 428 et 7 405 m// (minimums sur 442,5 
et sur 416), bandes que ne presentait pas une solution benzemique, de 
meme concentration, de cholesterol normal (non irradie). 

Pour le 1 : 2-henzopyrene, tres puissamment cancerigene, trois bandes 
aussi furent d6terminees: sur 7446, 7426 et 7414 m//. Koffo dit qu'il 
est tres intdressant que chacune dc ces deux substances presente trois 
bandes de fluorescence et qu’elles ont une de ces bandes en commun: 
celle dont Ic maximum est sur 7446 m//. II y a dans ce travail une 
courbe hors texte ainsi que deux reproductions de spectrogrammes dc 
fluorescence. 


* Consulter k ce sujet les travaux de Bergmann (2), de Kirby (6i) et de Penn 
(<*?5). La communication de Penn (avec reproduction de spectrogrammes de fluores¬ 
cence) a ete critique par Hieger (53). 
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En 1943, Kirby {61) a repris Tetude dc la question, mais en considerant 
sp6cialement un derive du cholesterol obtenu par pyrolyse (chauffage 
k 270°—300^^), derive possedant une fluorescence bien prononcee bleu 
violet. Apres purification, la solution dans le w-hexane montre de larges 
bandes dc fluorescence sur A 440, A 420 et A 395 m//. Kirby fait remarquer 
que les trois bandes de fluorescence de son produit sont assez voisines 
dc celles appartenant au 20-mHhylcholanthrene (A 445, A 425 et A 400 m/i) 
en solution dans I’ethanol. 

Reaction de Salkowski. 

Dans cette reaction classique du cholesterol, I’acide sulfurique montre 
une forte fluorescence verte bien connue. Mais jusqu’aux recherches 
de Merkelbach (76) en 1943, on ignorait Texistence d'une fluorescence 
rouge orange pour la portion chloroformique. Merkelbach a fait une 
etude soignee de ces deux fluorescences, dont il a publie d’excellents 
spectrogrammes. II a, de plus, etudie comparativement la fluorescence 
dc Vacide cholalique. 

Les conditions d’apparition de la fluorescence dc Tacide cholalique ont etc 
bien d^terminees par Handow {ibis). 

Pour la fluorescence rouge orange (couche chloroformique), en utilisant 
comme rayons cxcitateurs une plage de radiations vertes, remission 
(moderement intense) sYdendait dc A 670 a A 580 m/i. Avec Laszt, 
j'ai repris cette etude (35); et, en excitant simplement avec la raie isoiee 
Hg 546 m/^ (ou avec les deuxraies Hg577 et 579 m//,), nous avons obtenu 
des resultats semblables. Sur un point cependant, nous ne sommes pas 
entierement d^accord avec Merkelbach. Celui-ci avait constate Texistence 
dans ce .spectre d'emission d'une legere discontinuite (non reperee en A) 
et avait suppose que Ton avait affaire en realite a deux bandes de 
fluorescence (non deiimitees separement par Tauteur). Or, d’apres 
diverses constations que nous avons faites, il ne nous parait guere douteux 
que la faible discontinuite dans le spectre lumineux soit simplement le 
fait de la presence d'une bande d'absorption dans la region correspondante. 
Nous avons etendu cette etude spectroscopique de la fluorescence dans 
la Reaction de Salkowski a bien d'autres sterols (36 ): sitostirol, stigma- 
stdrol, ergosterol et zymosUroL Avec le sitosterol, les resultats sont presque 
identiques k ceux fournis par le cholesterol. Avec les autres sterols, 
il y a des differences dont le detail, assez complexe, ne pent trouver place 
ici. Elies sont indiquees dans nos publications. 

Enfin un travail de Moir {80) merite d'etre cite a la Bibliographic, 
car il contient (sans determination des bandes de fluorescence 
malheureusement) bien des indications sur les phenomenes de fluorescence 
apparaissant dans diverses reactions de coloration des sterols; il contient 
aussi de nombreuses determinations des bandes d'absorption. 
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Nous aliens maintenant parler de la «Reaction de Wini)aus»; et, 
a propos dc cette reaction, nous dirons quelques mots de la fluorescence 
de Tergosterol traite par le sulfate dim^thylique ainsi que de la fluorescence 
du cholesterol et de la vitamine D^; enfin, dans I’expose concernant 
les steroides a fonctions hormonales, on trouvera quelques autres indi¬ 
cations sur la fluorescence du cholesterol et de I'oxycholesterol traites 
par Ic meme reactif. 

Reaction de Windaus. 

Elle est propre aux triols des vitaniines et Dg. Cette niagnifique 
reaction a ete dtoite par Windaus (i2y) en i()42. C'est, faisons-le bien 
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Fig. 1. Reaction de fluorescence de WiNDAUS (1942) pour ItJS triols des vitamincs Dg ct D3. Spcctrographies 
dc DhERE et LaszT (,7J), la reaction ayant cffcctuce aver du sulfate diin^thylique. 

Triol Dg: spectres 2 (al^orption), 3 et 4 (fluorescence*); 

TriolDj: spectres 5 (absorption), 6 et 7 (fluorescence). 

Remarque. La raie He 706,5 in/z, bien visible sur le cUch 6 , ne peut 6 tre distingu^ sur la reproduction. La 
premiere raie 4 gauche est He 667,8 m/u, [C. R. Seances Soc. Biol. Filiales Asso 4 '.i 6 es 142 , 17 (1948).] 


remarquer, la premiere coimue (dans la s^rie des st6roides) des r6actions 
caracteiisees par I'apparition d'une fluorescence rouge tres intense. 
D'apres Windaus, on procMe ainsi: dissolution du triol dans 2 cm® 
d'un melange de chloroforme et d'acide ac6tique glacial avec addition 
de 3 gouttes d'acide sulfuriquc concentre. La liqueur se colore en jaune, 
puis en vert, enfin en bleu fonce; en meme temps, apparait une magnifique 
et tres forte fluorescence rouge. La couleur est bien stable. 
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Void maintenant nos propres resultats (j2, 33) (Fig. i) obtenus (avec 
des echantillons que Windaus a bien voulu nous donner) en ajoutant 
a dcs cristaux de triol Dg nniquement du sulfate dimethylique venant 
d'etre correctemcnt piirifie. Un debut de coloration n’est visible qu’apres 
quelques heures; d'abord jaune, die acquiert bientot une nuance verdatre. 
Au bout d’un jour ou deux, la reaction est termin^e: on a alors affaire 
a line liqueur franchement bleue, possedant une fluorescence rouge 
extremement forte. Lc spectre d’absorption comprend deux bandes: 
la premide, la plus intense, est situee entre / 628 et A 600 m// (avec 
une ombre importante etendue du cote du jaune); la seconde, entre 
A 576 et A 554 m//. Comme spectre de fluorescence (excitation par des 
rayons de I’extrdne violet et du proche ultraviolet), on observe une 
bande tres lumineuse entre A 663 et A 620 m//,. Par la spectrographie, 
avec une pose suffisamment prolongd, remission enregistre^e atteint 
mdie A 667 m/y. Visuellement, on constate Texistence aussi d'une faible 
dnission dans le vert, qui impressionne la plaque quand la dur^e de 
la pose est assez longue. Cette bande est difficile a delimiter, d'autant 
plus que le sulfate dimethylique montre dans la meme region une 
fluorescence qui n’est pas negligcable. Kdsultats semblabks avec le triol Dg. 

Notons que la double raic jaune du sodium possede un grand pouvoir 
excitateur pour la fluorescence rouge. 

Nous devons enfin remarquer que la reaction ex6cut6e d’apres les 
indications de Windaus foumit une liqueur bleue dont les spectres 
d’absorption et de fluorescence sont bien voisins de ceux que nous venons 
de decrire. On pent dire que la couleur de cette liqueur est tres stable; 
car, pendant un jour ou deux, aucuiie alteration n’est visible. Par la 
suite, il apparait une nouvelle bande d’absorption devenant bientot 
plus forte que les deux autres, qui p^lisscnt, et situee plus loin dans le 
rouge (entre A 687 et A 661 m/y). En meme temps, il survient des change- 
ments dans la fluorescence et dans la couleur de la liqueur (passant 
du bleu pur au bleu un peu vert). De tels changements ne s’observent 
qu’a un bien moindre degre et beaucoup plus tardivement (apres bien 
des semaines) quand la reaction de Windaus est re^alisee avec du sulfate 
dimethylique. 

Uergosterol (provitamine de la vitamine Dg, appelee calciferol) 
foumit une remarquable fluorescence verte (avec notable emission dans 
le rouge) par addition de sulfate dimethylique. D^crivons d’une fagon 
precise cette reaction de I’ergost^rol: 

En ajoutant a froid, dans un tube a essai, du sulfate de m^thyle 
sensiblement neutre et incolore (et en agitant un peu, de temps en temps), 
on ne constate directement rien de net pendant les premiers jours; mais, 
a partir du quatrieme ou du cinquieme jour, la liqueur expos^e au soleil 
montre ime belle fluorescence verte qui augmente notablement d’intensit^ 
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les jours suivants. En general, pendant 8 jours au moins, la liqueur reste 
a peu pres incolorc (trcs peu d*ergosterol entre d’ailleurs en solution). 
Par la suite, la liqueur presente une Mgere coloration d’un rose un peu 
brunatre, puis jaune brun; elle possedc alors une bande d'absorption 
a la frontiere du vert et du bleu (axe A 492 nyi environ), ^uant au spectre 
d’6mission par fluorescence, il offre dans le vert une bande surtout 
lumineuse de 2 561 a A 513 mfi (excitation par des rayons violets et 
ultraviolets). 

Ce resultat est a rapprocher d’une constatation faite, en 1939, par 
CnRiSTiANi et AnCtER {14), a savoir que Taction combinee de Tacide 
trichloracetique et du tetracetate de plomb sur Tcrgost(^rol, en solution 
chloroformique, donne naissance a une vive fluorescence verte, la liqueur 
ayant tout au plus une tres faible coloration rouge. Ces autcnirs supposent 
qu’il peut y avoir formation d’ergostadiene-triol. 

Tls n’ont cu que des resultats negatifs avec le cholesterol, ce qui concorde jusqu'ii 
un certain point avec nos propres resultats. En effet, avec du cholesterol commercial 
(meme duree de reaction), il n’y avail pas, directement au solcil, do fluorescence 
appreciable, sauf en faisant converger les rayons avec une lentille: faible cone 
verdatre (presence d'unc impurctc?). Une moindre solubilite no parait pas etre la 
cause de cettc difference. 

Par rapport aux resultats fournis par Tergosterol, ceux obtenus avec 
la vitamine Z).^ manquent tout a fait de nettet^. On constate pourtant 
une faible fluorescence vaguement olivlLtre. 

Steroides d jonctions hormonales. 

Beaucoup de ces steroides ont ete examines en lumiere de Wood; 
et, comme on Tavait fait ant6rieurement pour le cholesterol, on a not^ 
les caractcres de la fluorescence pour le produit a Te^tat cristallise 011 
apres traitement par Tacide sulfurique (en liqueur alcoolique, notamment). 
Bornons-nous a mentionner, d’une part, les resultats signales par 
Harvey (57) ainsi que les ndtres (forte fluorescence bleu violet des cristaux 
d’equiline, etc.), et, d’autre part, les recherches de BuCxYI (jj, 6j). Il 
resterait a determiner les spectres de fluorescence. 

Reaction des steroides avec le sulfate dimethylique [ Reaction de Mme Rosen¬ 
heim (roj)]. - 

Il s’agit essentiellement d’une reaction de coloration dans le travail 
original, ddja ancien (1916), du a Mme Rosenheim. L’auteur avait 
indiqu(^ cette reaction comme caracteristique de Toxycholest^rol et 
compart les resultats obtenus a ceux fournis par le cholesterol. Les 
spectres d'absorption avaient ete soigneusement observes et releves; 
mais Tauteur n’avait pas du tout fait une etude speciale de la fluorescence; 
elle avait pourtant note Tapparition, dans certaines conditions, d’une 
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fluorescence bleue avec le cholesterol ainsi qu’une fluorescence verte 
pour Toxycholesterol apres addition d’un peu de perchlorure de fer. 

C’est seulernent depuis les recherches de Dheke et Laszt (jj— ,76; 
commencees en 1946), oil cctte reaction a ete appliquee avec de brillants 
resultats a beaucoup de stcroides (hormones cortic'ales et sexuelles),, 
que cette reaction est devenue vraiment une remarquable «reaction de 
fluorescence». 

Mme Rosenheim operait avec des solutions chloroformiques d'oxy- 
cholesterol ou de cholesterol. Nous avons fait aussi de nombreuses 
determinations avec des liqueurs chloroformiques. Mais, etant donne 
que, par irradiation ultraviolette, le chloroforme se decompose facilement 
au contact de Tair, nous avons prefere traiter directement les steroides 
etudies par le seul sulfate dimethylique; c’est ainsi qu’ont ete obtenus 
les resultats que nous allons exposer. 

Nous avons constate {31) qu’en ajoutant simplement du sulfate 
dimethylique a divers steroides, on obtient des liqueurs qui, tout en 
etant peu colorees, presentent (dans un faisceau convergent de rayons 
solaires) de belles fluorescences de colorations tres variees: rotige orange 
avec la desoxy-corticosterone, orange jaune avec Tequiienine, jaune vert 
avec la corticosterone, vert un pea jaune avec requiline et Toestradiol, 
vert relativement jranc avec I’oestrone. (Reactions effectuees dans des 
conditions identiques.) En lumierc de Wood, on pent observer une 
fluorescence d’un bleu violace avec la methyltestosterone, alors que la 
testosterone fournit une fluorescence verte, Plusieurs de ces fluorescences 
sont fortes; quclques-unes (desoxy-corticosterone, anhydro-oxy-progeste- 
rone) d’une intensite prodigieuse. On entrevoit done les applications 
po.ssibles de ces reactions aussi bien au dosage qu’a la detection chimique 
ou histo-chimique de ces steroides, tout specialement en utilisant, pour 
Texcitation, des radiations visibles seiectionnees, permettant (comme 
nous Tavons constate) d’exclure, dans un melange, la fluorescence d’un 
ou de plusieurs steroides. 

Ce n’est generalemcnt qu’apres une evolution de la reaction plus 
ou moins longue qu’on parvient a un terme d’une assez grande stabilite. 
A froid, la plupart de ces reactions evoluent lentement; en chauffant 
avec precaution, on amene une acceleration considerable. Nous avons 
determine aussi les bandes d’absorption, dont on doit tenir compte dans 
I’interpretation de la structure des spectres de fluorescence. 

Hormones surrenales, 

Desoxy-corticostdrone. Liqueur bleue. Deux bandes d’absorption: 
tres forte entre A 617 et A 588 mja ; faible entre A 565,5 et A 546,5. Deux 
bandes de fluorescence: tres brillante entre A 653 et A 615; notablement 
moins lumineuse entre A 550 et A 515, avec luear jusqu’au violet. (Tout 
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au d^but de la reaction, et en lumiere de Wood, bande de fluorescence 
verte seulement.) 

CorticosUrone, Liqueur presque incolore, sans absorption notable. 
Deux bandes de fluorescence, bien brillantes: orang^e et verte, avec 
Emission intermediaire. Tardivemcnt, bande d'absorption dans Torang^, 
un peu plus refrangible que celle de la desoxy-corticosterone; separation 
nette alors des deux bandes brillantes. A ce stade ultime, fluorescence 
orangee de la liqueur (devenue k peine bleue). 

Hormones sexuelles. 

Oestradiol. Liqueur tres legerement rosee. Bande d'absorption 
entre A 536,5 et A 511 m//. Bande de fluorescence verte entre A 569,5 
et A 533 mfi. Cette emission se prolonge faiblement jusque dans Torange. 

Oestrone. Liqueur un peu bleue a la longue. Bande d'absorption 
assez faible entre A 533 et A 512. Bande de fluorescence intense 6tendue 
de A 565 a A 530 mfi. Lueurs en de9a et au dela. 

Equiline, Liqueur d'abord un peu jaune puis teint6e de rose. 
Fluorescence magnifique, apparaissant, comme celle de Toestrone, tr^s 
rapidement. Bande d^absorption entre A 533 et A 513 m//. Au d6but, 
autre bande d’absorption entre A 477 et A457m/^ (bande semblable 
pour Toestrone). Forte bande de fluorescence ^tendue de A 566 k A 53^ 
(avec prolongement jusqu’^ A 485 au d6but). Emission notable 
jusque dans Torang^. 

Equileninc (a noyau naphtal^nique). Liqueur acqu^rant peu a 
peu une nuance frambois^e. Bande d'absorption intense de A 554 a 
A 518. Forte fluorescence comprise entre A 658 et A 553 m//. Reaction 
rapide. 

La fluorescence rouge orang<S de rdquil^nine n’est pas excit6e par la double raie 
jaune du sodium qui excite intensivement les fluorescences rouge orang^ d’autres 
hormones (d^soxy-corticost^rone, etc.). 

Progesterone. Reaction lente et complexe. A la fin, liqueur frambois^e. 
Deux bandes d'absorption: de A 624 a A 577 et de A 512 a A 473. Deux 
bandes de fluorescence: de A 653 a A 614 et de A 577 a A 503 

Anhyiro-oxy-progestirone. Grandes analogies spectrales avec la 
d^soxy-corticost^rone (hydroxy-21-progest6rojje). (Bande d'absorption 
aussi sur A 479 m//.) Vive fluorescence rouge apparaissant bien plus 
rapidement. 

Testosterone. Fluorescence verte, rapide, en lumiere de Wood; 
verd§.tre et peu intense au soleil. Emission dans presque tout le spectre 
visible avec maximum correspondant k la plage verte. Pas de bande 
d'absorption nette. 

MethyUestosterone. Superbe fluorescence presque immediate, rappelant, 
au soleil, celle de la fluoresc^ine. Liqueur jaun^tre, forte bande d'ab- 

Fortschiitte d. Cbem. ocg. Natunt VI. 
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sorption entre A 508 et A 478. Bande de fluorescence principale entre 
A 564 et A 510. (La fluorescence d'un bleu violace, signal^e plus haut, 
ne s'observe qu'a un stade tres avanc6.) 

Nous avons pu nous convaincre bientbt, en proc^dant avec du sulfate 
dim^thylique rendu parfaitemcnt neutre, qu*un certain degr6 d’acidit^ 
(souvent tres faible) est n^cessaire dans tous les cas, et qu’en realite, 
on a toujours affaire a des reactions d’halochromie. Nous avons done 
propose {34) de designer par un terme special: «halofluorie» Tapparition, — 
pouvant m^me etre predominante, — de la fluorescence. 

L*acide phosphorique sirupeux permet aussi d'obtenir a partir de 
la d^soxy-corticost^rone (ou de Tanhydro-oxy-progest^rone) des 
fluorescences rouges assez semblables a celles obtenues par addition de 
sulfate de methyle (32). Les resultats sont pourtant bien inf^rieurs. 
Finkelstein, avec des collaborateurs (41), a soigneusement 6tudi6 cette 
reaction pour certaines hormones oestrogenes. II y a production de belles 
fluorescences vertes. II en est de m^me, comme nous Tavons observe, 
pour Tequiline. 


Reactions spdciales. 

En ce qui conceme les fluorescences rouges de sUrcHdes sexuels, deux 
reactions tres sp^ciales ont 4 te publi^es: 

a) RdacHon de Miescher (1946) pour la cw-testost6rone {y8) par 
addition d'acide sulfurique a une solution dans I'acide aedtique glacial 
en presence d'ald^hyde anisique. 

b) Reaction de Pesez (1947), pour cette m^me m-testost^rone {8y), 
r6alivS6e en ajoutant un peu de reactif glyoxylique a une solution dans 
un melange d’alcool et d'acide sulfurique. La fluorescence rouge-feu 
qui apparait dans cette derniere reaction, — que nous avons pu observer, — 
est fort belle. A noter que la ^/'««s-testost6rone exempte de hisomere 
cis ne foumit ni coloration ni fluorescence, d'apres Pesez. 

Les spectres de fluorescence n'ont pas encore et^ d6termin^s pour 
ces deux reactions. Le spectre de fluorescence a et6, au contraire, examine 
et indiqu6 pour la reaction suivante qui n'est pas rouge, mais d*un vert 
jaune. 

c) Reaction de Kleiner {62) pour les st^roides a fonction ph6nolique 
(oestrogenes naturels). L'oestrone, Toestradiol et Toestriol r^agissent 
avec Tanhydride phtalique, et il se forme une substance qui, en solution 
chloroformique, est d'un beau rose fonc6. La liqueur pr^sente une 
fluorescence jaune verditre, le maximum d'^mission 6tant sur A 557 vcifi, 
Cette phtal^ine n*est pas produite en Tabsence de OH ph6nolique; les 
resultats ont en effet, n^gatifs avec le cholesterol, la. testosterone. 
Tandrosterone, la dehydroandrosterone, la progesterone, 

d) Riaction de Boscorr (6his), Cette reaction n'est qu'une modification 
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de celle 6tudi6e par Finkelstein (41), dont il a 6te parl6 plus haul: 
Au lieu d^employer simplement Tacide phosphorique, Tauteur opere 
avec une solution du st^roide dans Tacide ac^tique. Toute une s 4 rie 
de fluorescences ont constatees en lumiere U. V., fluorescences allant 
de Torang^ au bleu suivant les st6roides sexuels utilises. (Pour le detail 
des r6sultats, voir la communication originale.) 


IV. Prot6ines (protides) et aminoacides. 


Operant avec un hydrolysat de caseinc, Reeder et Nelson (10j), 
en 1940, ont observe une bande de fluorescence etenduc do / 530 a 
X 410 m//. D’apres ccs auteurs, la fluorescence des hydrolysats proteiques 
est seulement excit^e par des radiations comprises entre X 360 et X 340 m//. 
Leur travail ne contient pas d'autre determination numerique de remission 
par fluorescence; mais on y trouve de nombreux resultats assez interessants 
portant sur la fluorescence de diverses prot6ines (ovalbuminc, fibrine, 
gliadine, cas^ine, z^ine, etc.) observee dans des conditions tres variees. 

Vl^s (125), en 1943, a constat^ que, pour la gelatine, Tanalyse spectrale 
de la lumiere emise sous excitation par la raie Hg X 265 montre une plage 
continue allant de X 538 a X 466 m// tout au plus, centr^e sur X 490, 
c*est-a-dire bleu verdatre. Cet auteur dit que beaucoup de protides lui 
ont montr^ que leur fluorescence est excit^c par la plus grande partie 
de I'ultraviolet du quartz depuis les environs de X 230 (ou 250) m/x jusqu'au 
visible, la transition et le depart etant de ce dernier c6t6 difficiles a 
discerner entre la fluorescence et la diffusion par effet de milieux troubles. 
Ses recherches ont porte sur la s^rumalbumine, la gelatine, Texcelsine, 
r^destine et la cas^ine (Fig, 2). 

Dans des conditions experimentales modifiees, Vl^;s a meme pu 
mettre en Evidence Texcitation de la fluorescence des protides par des 
radiations U. V. de plus courtes longueurs d'onde encore, jusqu’au 
voisinage de X 220 m//. 

Aminoacides. Reeder et Nelson (ioi) disent: «Nineteen amino 
acids were examined in ultraviolet light for fluorescence. These amino 
acids were not noticeably fluorescent in the solid state nor in acid, basic 
or neutral solution.» 

Bien des auteurs ont consign^ des constatations assez diff(^rentes. 
Nous ne parlerons ici que des resultats publics dans ces dix dernieres 
anntes. 

Dans le livre de de Ment (74), on trouve citees les determinations 
suivantes: 


Emission 
par fluorescence 
(solutions aqueuses) 


Glycine . de X 500 k X 277 m/x 

Alanine. 370 k 300 (I) 


Acide (x-arainobutyrique.. 500 k 325 

I Lysine (bichlorhydrate)... 400 k 300 

I Histidine (bichlorhydrate). 500 k 360 


ai* 
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VLfes (125) a beaucoiip ^tudi^ aussi la fluorescence de nombreux 
aminoaddes: glycine, alanine, leucine, acide glutamique, arginine, cystine, 
tyrosine, proline, histidine; ct il a public des graphiques fort instructifs 
reprdsentant 1 excitation de la fluorescence par des radiations ultra- 
violettes tres diverses (jusque vers A22om/i). Voir k I’Appendice les 
Figures 8 et 9 (p. 346—347). 


m A"*-" 300 too soo soo 
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Serums 



Gelatine 



Fig. 2. Graphiques sch&natisant I’intensit^ (courbes en traits continus) de la fluotesoeace de divers protides 
excit^e par les raies ultraviolettes du mercure. Les spectres d’dmission par fluorescence traits discontinus. 
Le maximum d*absorption dans I’ultraviolet indiqui par le signe. D’aprte Viis (xaj). [Arch. Physique biol. 
Chiiti,-Physique Corps organises rtf, 137 (1943).] 


D. Bertrand (^) a dit, en 1945, que la forte^ fluorescence duglycocoUe 
(glycine) avait 6 t 6 ni 6 e par quelques auteurs, mais qu’il I’avait retrouv^ 
avec diff 4 rents ^hantillons soigneusement repurifi 4 s, Haitinger (50) 





Progr^s rdcents en spectrochimie de fluorescence des produits biologiques. 325 


avait constat^ d'ailleurs que la fluorescence du glycocolle en solution 
alcaline est «leuchtend blau». Bertrand {4) a public la courbe obtenue, par 
enregistrement photographique dans le visible, pour le produit a Tetat 
solide. Cette courbe montre deux sommets, les maximums correspondant 
a A 519 et a A 451 m//. L'alourdissement du radical R de Tacide amin^: 
R — CH(NH2) — COOH modifie, d’apres Bertrand, le spectre par 
d^placement vers les grandes longueurs d'onde; et, dans Tensemble, 
Tintensit^ de la fluorescence decroit avec toutefois une conversion entre 
la valine et la leucine. Enfin, toujours d’apres le mtoe auteur, de fa^on 
analogue, si on eloigne les fonctions amine et acide, le spectre change 
peu pour la position des maximums quand ces fonctions s’^loignent; et, 
fait surprenant, la cyclisation dans la proline ne donne pas un spectre 
du type d’aminoacide, mais bien d’un type tres different, prouvant ainsi 
que ce d^placement vers les grandes longueurs d'onde ne doit pas ^tre 
attribu 4 a un enroulement de la molecule. 

Les courbes de fluorescence pour la phinylalanine, la tyrosine et le 
tryptophane (6tat solide) figurent aussi dans le travail de Bertrand (4). 
Ce sont toutes des courbes a deux sommets, les maximums tombant 
respectivement sur A 522 et A 461 mfi (phenylalanine), sur A 520 et A 433 
(tyrosine), et sur A 513 et A 449 (tryptophane). L’auteur estime que la 
fluorescence vi.sible de la tyrosine est tres faible et celle du tryptophane 
assez forte. II rattache la fluorescence de la tyrosine a la function phenol 
et celle du tryptophane a I’azote indolique. Comme conclusion, il dit que 
la regie classique suivant laquelle le groupement carboxyle diminuerait 
fortement I’intensit^ de la fluorescence est completement inexacte pour 
les acides amines. 

On peut indiquer encore ici les spectres de fluorescence, a I’etat solide, 
de deux importants d^riv^s de la tyrosine: la tyramine (^-oxyph^nyl- 
ethylamine) et I’hord^nine (dim^thyl-/>-oxyph^nyl-6thylamine). Pour la 
tyramine (chlorhydrate), il y a trois maximums: sur A 729, A 525 et 
A 456; pour rhord^nine (sulfate), deux maximums: sur A 530 et A 459 mfi 
[Bertrand (4)]. 

Si Ton considere I’ensemble des acquisitions r^centes et ant^rieures 
dans ce domaine de la fluorescence des prot^ines et des acides amines, 
on a rimpression que beaucoup de r^sultats sont assez incoh^rents et plus 
ou moins incertains et qu’il faudra faire encore"^bien des recherches appro- 
fondles pour r^pondre d^finitivement a toutes les questions qui se posent. 

Reactions spdciales. 

Reaction de Hillmann (54), S'inspirant, comme il le dit, d’un travail 
de Mme Andr^e Roche (ex^cut^ sur mon conseil, dans mon laboratoire), 
Hillmann a 6tn6i6 la reaction de fluorescence qui prend naissance quand 
on ajoute k des prot^ines de To-diac^tylbenz^ne {k la place du simple 





diac^tyle utilise pr^cedemment). Le dosage des prot^ines, sp^cialement 
des peptones, par fluorom^trie ainsi ex^cut^e, foumit des r^sultats 
excellents, notamment dans Tapplication a la Reaction d'ABDERHALDEN. 
Avec une solution de peptone a i: 60000, on observe encore une fluores¬ 
cence bleue caract^ristique. 

L'auteur a photographic le spectre de fluorescence (spectrogramme 
reproduit); on voit deux bandcs lumineuses, avec maximums d'l^mission 
sur / 520 et A 425 m/^. 

Reaction de Kostir (6 ^) (pour le tryptophane). Une solution de trypto¬ 
phane ^tant additionnee d’ald^hyde formique puis d'acide sulfurique 
concentre, on constate d*abord Tapparition d'un anneau a fluorescence 
jaune. Par agitation, toute la liqueur presente cette fluorescence jaune, 
qui est permanente. D’apres I’auteur, la substance fluorescente pourrait 
etre un d6hv6 de la 4-carboline. 

Reaction de Fearon (tryptochrome). Le tryptochrome, pigment 
d^riv 4 du tryptophane, possede, d'apres Fearon {40bis), une intense 
fluorescence vert orange, stable pendant des mois en milieu acide. La 
reaction est tres simple: il suffit d'ajouter a une solution tres dilute de 
tryptophane dans Tacide acetique a 60—80 p. 100 une goutte de liqueur 
d'iodate de potassium a i p. 100, puis de chauffer jusqu '4 Ebullition. 
Le tryptochrome ainsi formE semble Etre un dErivE de constitution 
indirubinoide. 


V. Pyrimidines, purines et pt6rines. 

Pyrimidines et purines, 

En 1906, Dhere {23) fit connaitre la remarquable bande d^absorption 
que le noyau pyrimidique possEde sur A 260 m/^ environ, bande impor- 
tante plusieurs points de vue [cf. Mirsky (79)], notamment pour TEtude 
de la fluorescence des composEs pyrimidiques. C'est prEcisEment en 
reprenant, d'une fa9on approfondie, TEtude de cette bande d'absorption 
que Heyroth et Loofbourow eurent Foccasion de constater, en 1931, 
la fluorescence de Turacile (2,6-dioxy-pyrimidine). En 1941, Stimson et 
Reuter {118), ElEves de Loofbourow, examinErent la fluorescence de 
nombreux corps p5Timidiques (uracile, cytosine, quelques aminop57ri- 
midines) et puriques (hypoxanthine, xanthine, guanine et adEnine), 
d'une part, a TEtat solide et, d’autre part, en solutions alcalines ou acides, 
Tacide sulfurique dEveloppant plus que Tacide chlorhydrique la fluores¬ 
cence. La dEtermination des spectres de fluorescence correspondants 
devait Etre entreprise par Loofbourow et Stimson. Mais il ne semble 
par que ce travail annoncE ait paru. Quoi qu’il en soit, le travail de 
Stimson et Reuter contient, sous forme de tableau, beaucoup de rEsul- 
tats assez intEressants. 
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Dans leur travail de 1946, Jacobson et Simpson (57) ont dit: «Allo¬ 
xan, hypoxanthin, adenine and aneurin showed no fluorescence in neutral 
or alkaline solution. Uric acid and guanine gave weak bands near the 
mercury hne at 4358 A, in alkaline solution only.)> 

En parlant maintenant du pigment urique rouge d'HoPKiNs, nous 
aurons une transition toute naturelle pour arriver aux pterines. II s*agit 
peut~6tre, en effet, d'une sorte de pterine (xanthopt^rine?), comme 
I'avait sugg^re Hopkins, qui se forme quand on chauffe quelques heures 
de Tacide urique, dans des tubes scell^s contenant de lean, a la tem¬ 
perature de 200'^. Lc spectre de fluorescence a dte determine par Miss 
Simpson [no) en milieux alcalin (I), neutre (II) et acide (III). Elle a 
releve les bandes lumineuses suivantes: 

I A 620 (faible); 590 et 508 (moycnnes); 530 (forte); (moyenne). 

^-517 (moyenne); 456 m// (forte). 

II f A 592 (faible); 520 (moyenne); 459 m/2 (forte). 

Compare au spectre de fluorescence de la xanthopterine, qui sera 
decrit plus loin, ce spectre du produit Hopkins presente des analogies, 
mais aussi quelques differences importantes. 

PUrines. 

Dans mon livre {20) publie en 1937, j'avais insere un assez long 
expose de la fluorescence des pterines. Par contre, ne possedant alors 
aucune donnee sur les spectres de fluorescence des pterines, j'avais dii 
rcnoncer a parler dans mon article (21) de 1939 de ces remarquables 
composes p5a-imidiques. II fallut, en effet, attendre la publication en 1943 
d’un travail de HtiXTEL et Sprengling (55) pour connaitreun spectre de 
fluorescence d’une pterine convenablement isoiee: spectre de Tichtyo- 
pterine (fluorescyanine de Polonovski) determine par Mile F. Pruckner. 
Ce spectre comprend deux bandes lumineuses: une large bande diffuse, 
bien visible de A 475 a A 450 rtifi environ [maximum accuse entre A 431,6 
et A 432,3 m^, d'apres Polonovski, Busnel et Pesson {8g)], et une tres 
faible bande eioignee, situee dans Textreme rouge, au voisinage de A 690. 
Le solvant n'a pas ete indique. II s'agirait de solutions de pH 4 a pn 8, 
d’apres Simpson (ho). L’etude des variations, dans diverses conditions, 
de la fluorescence de I'ichtyopterine excitee par les rayons ultraviolets 
(compris entre A 390 et A 265 m/^) a ete faite'" soigneusement par Huttel 
et Sprengling, puis par Polonovski (go). 

Signalons que, surtout dans la zone acide, la variation d’intensity suivant le 
pH est semblable k ce qu'on observe avec la flavine; mais les r^ducteurs ne sup- 
priment pas la fluorescence, comme e’est le cas pour la flavine; on constate seule- 
ment (solution alcaline) que la fluorescence passe du bleu pur au bleu vert. 

Llchtyopterine d'HuTTEL et Sprengling (55) avait extraite de la 
peau de quelques C5q>rinid^s du Lac de Constance. L'existence de ce 




pigment (cette pt6rine cristallise, en effet, en aiguilles jaunitres, d*apres 
PoLONOVSKi) avait 6t6 entrevue d'abord, gr4ce a sa fluorescence, par 
Hadjioloff. La premiere contribution importante a la connaissance de 
cette pt^rine, indiquant son individuality, fut apport^e par les recherches 
de Fontaine {42 — 43) bientdt suivies de celles de Busnel et de Goure- 
viTCH. L'ichtyoptyrine (voisine de la 8-desoxy-leucoptyrine, d^apres 
Polonovski) fait partie d*un groupe de nombreuses ptyrines (naturelles 
et synthytiques), parmi lesquelles la leucoptyrine et la xanthoptyrine sont 



Fig. 3. Courbe photom^trique des quatre bandcs de fluorescence (rcperees par 3 raies du mercure) dc la 
leucoptyrine ii r6tat solide. D’apr^s Jagobsok et Simpsok (57). [Biochemic. J. 40, 3 et 9 (1946).] 


de beaucoup les plus importantes. Les spectres de fluorescence de ces 
deux demiyres ptyrines naturelles ont yty tres soigneusement dyterminys, 
en 1946, par Jacobson et Simpson (57) ; enregistrement photographique 
avec courbes photomytriques des spectres de fluorescence, courbes k 
grande ychelle reproduites dans leur Mymoires. Void leurs rysultats 
(Tableau i; Fig. 3). 

Des 1939, Jacobson (56) avait envisagy la possibility de Tintervention 
de ptyrines dans Thymatopoiese (formation dc globules rouges); et, apres 
examen des spectres d’absorption et de fluorescence de certaines cellules 
argentaffines se trouvant dans Testomac et Tintestin, il avait, avec une 
perspicacity ytonnante, admis la prysence de ptyrine dans Torg^isme. 

Jacobson (56) disait alors: «The granules of the argentaffine cells have a 
yellow colour and in ultraviolet light show an orange fluorescence which is composed 
of two bands with maxima at 610 and 555 m^.» 

Or, on sait maintenant que Tacide folique, douy d'une grande activity 
antianymique, a prycisyment pour constituant Tacide ptyroylglutamique. 
II convient done de signaler que les Mymoires de Jacobson et Simpson 
(57) publiys en 1946, contiennent, en plus des dyterminations prycydem- 
ment cityes, celles des spectres de fluorescence pour des extraits de tissus 
et d*organes humains ainsi que pour des extraits de foie d'animaux 
de boucherie (utilisys en thyrapeutique), les fluorescences en question 
ytant (en partie au moins) d'origine ptyrique. 

Miss Simpson (zjo) a ^crit: «Examination of a large number of liver extracts 
suggest that the intensity of fluorescence (i§valu^e d’aprfes le spectre de fluorescence) 
might be used as a mesure of the clinical activity of these preparations.* 
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Tableau i. Fluorescence de quelques pt^rines [Jacobson et 
Simpson (57)]. 


Ptirmes 

Bandes de fluorescence 

InUmitis 

LeucopUrine CgHgOgNj* ** 






1® Solution dans NaOH njjo 

1 

sur 

A 

516 rn /4 

forte 

(Fluorescence d'un bleu brillant) 

II 



4 <> 2,5 

assez forte 

2° £tat solide 

I 

sur 

/ 

O20 m/4 

faible 

(Fluorescence blanc blculitre) 

11 



535 

forte 


111 



4 b 2,5 

assez forte (? 


IV 



43b 

moder^e 

Xanthopterine (9-dcsoxy-leucopterine) 






C.H*0,N, 






1° Solution dans NaOH njio 

1 

sur 

A 

592 m/i 

faible 

(Fluorescence bleue) 

II 



516 

assez forte 


III 



463 

forte 

2° Solution neutre 

I 

sur 

A 

620 m/« 

faible 

(Fluorescence bleue) 

II 



592 

mod6r6e 


III 



516 

assez forte 


IV 



455 

forte 

3° Solution dans H2SO4 (20%) ou HCl 

n 1 

sur 

A 

t>2o m/* 

faible 

(Fluorescence bleue) 

II 



592 

moderde 


111 



523 

forte 


IV 



4 (>o 

assez forte 


4® fitat solide Aucune fluorescence** 


Miss Simpson, avec Pirie (88), a en outre etudi6 une substance a 
fluorescencebleueexistant dans les yeux duSqualus acanthias et d^VAUi- 
gator mtssissipiensts. Les determinations des spectres de fluorescence (ainsi 
que des spectres d'absorption ultraviolets) ont amen^ ces auteurs a 
admettre qu'il s'agit de xanthopterine. Cette pt^rine est presente dans 
la choroide, et il est int^ressant de savoir qu'm vivo, elle y pr^existe 
sous une forme non-fluorescente. Toujours d'apres Pirie et Simpson, les 
yeux des Cyprinid^s pourraient contenir, comme leur peau, de Tichtyo- 
pt^rine. Enfin Miss Simpson (iio) suppose qu*une substance fluorescente 
qu*elle a extraite des yeux du Vairon f Phoxinus phoxinus) est ^galement 
une pt6rine, bien que le spectre de fluorescence pr^sente un type assez 
aberrant: bande lumineuse de A460 a 420m// (maximum sur 440) et 
faible bande sur A 525 m// pour la solution neutre. 

• Les ailes de Pieris brassicae montrent un spectre de fluorescence analogue 
k celui de la leucopt^rine solide avec bande au voisinage de A 460 m/4 relativement 
plus intense. 

** Pourtant les ailes du Gonepteryx rhamni (riches en xanthopt^rine) montrent 
Un faible spectre de fluorescence analogue k celui de la xanthopt^rine en solution 
bien acide; mais avec bande sur A 620 plus forte et bandes dans le jaune et le bleu 
au contraire plus faibles. 
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Le travail de Pirie et Simpson contient tout Thistorique du sujet. 
Bomons-nous a mentionner les recherches ant^rieures de Gour]6vitch {48) 
et celles, tres d^velopp^es, de Fontaine et Busnel (43 et 44 his). 

La fluorescence des pt^rines contenues dans Torganisme est toujours 
a r^tude; c'est ainsi qu’en 1946 CASELLAet Reggiani [12) se sont occup^s 
de nouveau de la question du spectre de fluorescence des cellules ent^ro- 
chromaffines chez le Cobaye et ont d^termin^ spectrographiquement cette 
fluorescence par une m^thode speciale d'application histologique. Les 
courbes publi^es pr< 5 sentent un maximum d'^mission bien marqut^ au 
voisinage de A 558 m//. 

Crowe et Walker (16) ont constate que, dans le bouillon-toxine 
dipht^rique, coexistent avec la flavine, — qui y a et6 signalee pour la 
premiere fois par Dh^:r6, Meunier et Castelli (jy), — des sortes de 
pt6rines (« pterin-like pigments ») qu’ils ont pu isolerpar Tanalyse chromato- 
graphique et dont ils ont etudi6 les spectres de fluorescence par en- 
registrement photographique (reproduction d'un spectrogramme avec 
courbe microphotom6trique). La courbe reproduite montre deux maxi- 
mums de fluorescence: I sur A 531,9 et II sur A 463,5 m/^ (solution 
aqueuse). 

Dans un travail qui vient de paraitre (jy), les recherches de ces 
auteurs sont (^tendues a un pigment pt^riquc («erythropterin-like») 
form^ par le Bacille de la tuberculose humaine. Spectre de fluorescence 
(sol. chloroformique) 6tendu de A 463,5 a A 358 m/u, avec maximum sur 
A 399 m^. 

Remarquons que Crowe et ses collaborateurs ne semblent pas avoir 
su que Giral {46bis), d^s 1936, avait examine la production de pt^rine 
chez quelques especes de Bact^ries. 

POLONOVSKI et ses collaborateurs {gi) ont pr6par6 synth^tiquement 
diverses pt^rines artificielles, notamment des pterines sulfur^es d^pourvues 
de fluorescence. Pour une s^rie de ces pterines douses de fluorescence, 
remission analys^e au spectroscope se pr^sentait sous forme d'une large 
bande debutant avant le jaune et s*6tendant jusqu’au violet, spectre de 
fluorescence peu caract^ristique du corps ^tudi6, disent les auteurs. 

La question de la fluorescence dans le groupe des pterines est si 
int^ressante qu'il ne faut pas omettre de relater ce qui a et6 dit pour 
rinterprdter. Polonovski, Vieillefosse et Pesson (91) avaient d'abord 
^mis rhypothese que la fluorescence serait due a trois doubles liaisons 
dans le noyau pyrimidique. Bertrand (4) dit, d*une fa^on plus 
precise, que ces auteurs ont admis que la fluorescence 6tait li^e dans ces 
ptdrines fluorescentes 4 la structure lactime (^ 4 ) des 2-hydroxypt4rines, 
alors que les 2-thiopt6rines r^pondraient 4 une forme lactame (B). Ils 
en ont d6duit que la forme lactime (C) devait retrouver la fluorescence 
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caract^ristique, c'est ce quails ont v^rifi^ sur differents d^riv^s 6thyles 
dont ils ont effectu6 la synthese. 

N= N= N=: 

I I ! 

HO--C S=C RS~~C 

II I II 

N— NH~ N— 

(A) iB) (C) 

Bertrand ajoute que cela s'explique facilement avec certaines hypo¬ 
theses qu’il a faites: Dans les 2-hydroxypterines, seul Tatome d’oxygene 
situ6 en 2 est responsable de la fluorescence, a Texclusion des autres 
atomes de la molecule et par suite, la forme lactame ne doit pas etre 
fluorescente; d'autre part, le soufre correspond par sa couche ^lectronique 
externe k Toxygenc et doit par suite presenter les memes possibilit^s dc 
vibrations de fluorescence que ce dernier; la forme (C) des thiopte^rines 
doit done correspondre a la forme (A) des pterines. 

Et, en terminant cette section consacree aux pterines, il faut men- 
tionner la decouvertc dans Turine, par Koschara (66 ), d'un corps sulfur^, 
appel^ urothion, caract^ris6 par sa forte fluorescence vert-olive apres 
oxydation permanganique en milieu sulfurique, corps pouvant ^tre 
rattach^ aux pterines notamment par son spectre d'absorption ultraviolet. 
Voir aussi Tarticle de Purrmann (94). 


VI. Thiamine (aneurine), thiochrome et thiazol. 

SjosTRAND (ijj) a public en 1947 le courbe representative de la 
fluorescence de la thiamine (solution) entre A 670 et A 420 Cette 
courbe pr^sente trois sommets; le plus eiev^ est tres voisin de celui qui 
appartient au thiochrome et correspond a environ A 460 Pour le 


reste de la courbe jusqu au rouge, 
il y a des differences notables entre 
le spectre de la thiamine et celui 
du thiochrome. 

Dans notre article precedent 
(21 ), nous avons parie suffisamment 
de la belle fluorescence du thio¬ 
chrome qui a ete utilisee par 
beaucoup d'auteurs pour les do¬ 
sages fluorometrique (apres oxy¬ 
dation) de Taneurine. Un travail 
de Dutton et Bailey [38) contient 
une courbe instructive de la fluores¬ 
cence du thiochrome determinee 
spectrophotometriquement. 



Fig. 4. Spectres de fluorescence {k la tntoie ^chelle) 
du vilachrome et du thiochrome en solutions aqueuses 
de ph 7. Excitation par la lumi^re de WOOD. 
D’aprds SrlMPFLl [Helv. physiol. Acta z, 265 

(1943).] 
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Stampfli (jj5 — ii6 \ Fig. 4) a constate que le constituant thiazolique de 
I’aneurine (4-m^thyl-5-oxy6thyl-thiazol) foumit, par irradiation avec la 
lampe de quartz a vapeurs de mercure, un photod^rive poss^dant une 
tres vive fluorescence bleue. D'apres Sanz (104), au moyen de Tanalyse 
chromatographique par adsorption appliqu^e au produit brut de la 
reaction, on peut preparer des cristaux dont la fluorescence n*est pas bien 
forte, mais qui, par dissolution, donnent une liqueur a fluorescence bleue 
cxtraordinairement intense. Karrer et Sanz (60) ont repris cette 6tude. 
Ils ont reconnu que le d6riv6 en question est tout particulierement facile 
a preparer par irradiation du 4-m6thyl“5-oxyethyl-2-chlorthiazol. Ils 
ont indiqu6 la constitution pr^sum^e du principal produit form^ dans 
cette reaction photochimique. II est, en effet, possible, comme Ta vu 
Sanz (X04), en effectuant Fanalyse chromatographique, qu*il existe deux 
autres produits accessoires pouvant 6tre consid6r6s 6galement comme des 
<(vitachromes». Synthase du vitachrome par Karrer et Sanz en 
1944: [6ohis). 

Le spectre de fluorescence du vitachrome (fluorochrome) a 6t^ deter¬ 
mine et figure par une courbe (comparativement avec le thiochrome) par 
Stampfli (jj6). Pour le vitachrome, le maximum d’intensit6 de remission 
est sur X 415 m/i, alors qu'il est sur X 438 pour le thiochrome. Le vita¬ 
chrome, contrairement au thiochrome, possede en milieu acide sa plus 
forte fluorescence, qui diminue hitn par alcalinisation. Stampfli de 
plus a examine, notamment en fonction du p^, comment se comporte, 
apr^s irradiation ultraviolette, la fluorescence de toute une serie de 
d^riv^s m^thyl^s du thiazol (J17). 

Enfin post^rieurement (en 1945), Karrer (39bts) aobtenu des fluores¬ 
cences tout a fait remarquables, de couleurs varices, avec d'autres d^riv& 
du thiazol qu*il avait pr^par^s. La fluorescence de nombreux composes 
thiazoliques est d'ailleurs connue depuis bien longtemps. 

VIL Adrenaline et adrenochrome. 

Depuis que Paget a attir^ Tattention, en 1930, sur la fluorescence 
verte (vert pomme) que pr^sentent les solutions d'adr^naline dans certaines 
conditions, cette fluorescence a utilis^e par de nombreux auteurs pour 
le dosage de Tadr^naline. Pour ce qui est de Tadr^naline a pul¬ 
verulent, le spectre de la fluorescence ultraviolette a d^jk d^crit dans 
notre article de 1939 (2j). Plus tard, Bertrand (4) a public la courbe 
de fluorescence dans le visible: courbe poss^dant des maximums sur 
X 697, X 536 et X 458 mpL. Dans le cas d’une solution aqueuse du chlor- 
hydrate d’adrenaline gauche, il y a deux maximums: sur X 515 et 
X 461 


Ces derniers rdsultats, encore in^dits, m*ont communique par D. Bbrtrand. 
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La question de la fluorescence des produits d'oxydation de Tadr^naline 
a examinee a plusieurs reprises par Utevskiy et Ossinskaja. Ces 
auteurs ont vu (12j) qu’en presence de H-CHO, la fluorescence verte, 
qui autrement apparait lors de Toxydation de T adrenaline en milieu 
alcalin, ne se montrait pas. Get empechement serait du au blocage de la 
formation de dihydrod^rives par formaldehyde. 

En 1948, Beauvillain et Sarradin {2 bis) ont public de nombreux 
r^sultats concernant la fluorescence de Vadrenochrome (quinone de 
Tadr^naline). Cette fluorescence, disent-ils, varie beaucoup suivant le 
solvant utilise. La solution dans le dioxane montre une large bande 
lumineuse dans le bleu, a maximum 465—460 m/^ environ. La .solution 
dans le butanol prCvSente une fluorescence verte, disparaissant tres rapide- 
ment par irradiation ultraviolette. Les courbes dc fluorescence spectrale 
pour ces deux solutions, ainsi que dans le cas de solvants autres 
(methanol, acetone, diac^tine du glycol, etc.) sont ins6r^esdans ce travail. 
Les auteurs ont pu isoler, a partir de la solution dans la diacetine de 
glycol, deux constituants fluorescents ayant respectivement une fluo¬ 
rescence verte et une fluorescence bleue. La solution aqueuse d'adr^no- 
chrome est peu fluorescente. Mais, en s^chant rapidement une goutte 
de cette solution sur papier filtre, la tache vire du rouge au jaune et 
acquiert une magnifique fluorescence jaime vert, qui rappelle celle 
observ6e dans la diacetine. 

La solution aqueuse du leuco-adrenochrome bisulfitique possede un 
spectre de fluorescence allant de plus de A 700 a moins de A 450 m^. II 
existe trois contreforts a A 650, A 495 et A 470 m// et un sommet assez 
etal^ entre 562 et 530. Le leuco-adrenochrome ascorbique a un spectre de 
fluorescence different, qui ne d6passe guere A 470 dans le bleu avec un 
sommet tres net a 530 encadr^ de deux contreforts a 562 et 502 m/u, 

VIIL Alcaloides. 

Beaucoup de travaux ont ^t^ faits depuis longtemps sur la fluorescence 
des alcaloides. II y a encore quelques nouveaux r^sultats a signaler. 

Bastero Beguiristain (2) a d^termin^ les bandes suivantes en 1940 
(tous ces alcaloides examines en solution k T^tat de sels): 

Morphine. A 523.2 k A 41^,7 (maximum sur A 471.5 m/i) 

Atropine. 5 ^ 5 * 4 ^ 425,0 ( „ „ 459,2 m/i) 

Aconitine. 504#2 k 404,5 ( „ „ 44 ^** 

Quinine . 504,2 k 3^1,5 ( •• •> 442.7 

Strychnine.... 499.0 k 407.4 ( »» »» 43^.3 

Kraul et Meyer (69) ont d^termin6 le spectre de la fluorescence de 
la herbirine excit^e par la lumi^re de Wood : bande comprise entre 650 et 
500 m/e avec maximum sur 560 mju, environ. Les bords de la bande 
etaient diffus. II s’agissait soit de chlorhydrate, soit de sulfate de ber- 


il^mission 

par 

fluorescence 
(en m/i) 
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b 4 rine, soit encore de berberine isol6e a partir de chelidoxanthine (conte- 
nant en plus de la ch^l^rythrine) en solutions dans Tether. 

De Ment a fait en 1944 des recherches dtendues sur la fluorescence de 
la berberine, recherches qu’il a publi^es pour la premiere fois dans son 
livre (7^). De son long expose, nous ne donnerons ici qu'un r^sum^. Le 
chlorhydrate de berberine a T^tat solide montre une forte bande verte 
de fluorescence entre A 560 et A 510, accompagnde d’une bande jaunSltre 
entre 590 et 560 ct d*une bande rouge entre 630 et 590 m/^. En solution 

dans le n-butanol, il y a une Emis¬ 
sion de A 560 a A 480. Quand on 
dissout le chlorhydrate de berbErine 
dans Tacide chlorhydrique, il se 
forme un composE connu sous le 
nom de chlorure de berbErinium 
(berberinium chloride) qui, a TEtat 
solide, prEsente trois bandes de 
fluorescence: I, dans le vert, de 
560 a 510; II, dans le jaune, de 
575 a 560; III, dans le rouge, de 
620 a 575 m/^. La bande dans le 
jaune est plus faible que les deux 
autres. L'auteur a examinE aussi 
le spectre de fluorescence du com¬ 
posE qu'il dEsigne sous le nom 
d'anhydroberbErine-acEtone, et il 
dEcrit ce spectre d'une fagon tres 
complete. 

Bertrand [4), en 1945, a dEterminE les spectres de la fluorescence 
visible du sulfate de quinine et de Tyohimbine (principal alcaloide 
contenu dans I'Ecorce de Pausinystalia yohimbe). Pour le sulfate de 
quinine solide, il y a deux bandes lumineuses dont les maximums sont 
respectivement A 521 et A 456 (le principal). La solution aqueuse saturEe 
montre aussi un maximum sur 456 m/^ (avec maximum secondaire sur 
515). Une solution diluEe prEsentait un spectre assez diffErent: bande 
lumineuse a sommet ondulE (deux lEgeres ElEvations sur A 456 et A 438) 
5 )- 

Pour Vyohimhine a TEtat solide, Bertrand a enregistrE trois bandes 
d'Emission: sur A 703; A 564 et A 467. Il a donnE {4) une intefprEtation 
dEveloppEe de ce spectre: «La yohimbine possEde dans sa molEcule quatre 
atomes pouvant donner des fluorescences visibles, ceux-ci sont groupEs 
par trois: Tazote indolique pouvant donner im spectre type amine aro- 
matique, les atomes d^oxygene de Talcool secondaire et celui «fluorescent 
dans le visible» de Tester mEthylique de la fonction adde qui peuvent 



400 450 500 550 


Fig. 5. Courbes de la fluorescence visible du sulfate 
de quinine: I £tat solide (pose i houre); II Solution 
aqueuse satur^e (pose lo minutes); IH Solution 
aqueuse trts dilute (pose 30 minutes). D’aprte D. 
nKRTBANO (4). (Bull. Soc. chim. France (5), 12, 1010 

(1945)0 
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donner le m^me type de spectre et enfin Tazote amine tertiaire qui pent 
^tre consider^ comme appartenant vsoit au noyau carboline, soit au noyau 
isoquinoleine. Or, le spectre obtenu correspond ainsi d’ailleurs que le 
confirme celui du chlorhydrate qui lui est identique, qualitativement et 
quantitativement, a ce dernier azote consid^re comme d6riv6 de la 
^-carboline.» 

Avec une solution aqucuse de chlorhydrate d’yohimbine, on a en- 
registre deux bandes de fluorescence: sur A 513 et sur A 455 mju, (r^sultat 
non encore public par Bertrand). 

Rappelons que la fluorescence «stark gelbgriinA du chlorhydrate de yohimbine 
avait 6 t 6 observee par Danckwortt et Pfau en 1927 et que Majima et Murahasi 
en 1934 ont observe de belles fluorescences bleues avec une s^rie de d 4 riv 6 s de 
Tyohimbine. 


IX. Polyphenols. 

Au cours de ses recherches tres ^tendues (huit Memoires) sur les 
avitaminoses du groupie de la jiellagre, Raoul a examine un grand nombre 
de spiectres de fluorescence ap- 
partement a des constituants 
urinaires, quelques-uns notam- 
ment dans la s6rie des poly¬ 
phenols. D’apres Raoul (99), 
que Ton ait affaire a une urine 
normale ou pathologique, les 
spectres de fluorescence sont 
generalement formas d’une large 
bande dans le bleu (axe a 
450 m/u) et de plusieurs ^paule- 
ments dans le vert, dont deux 
particulierement nets a 560 et a 520 m/n. Les courbes spectrales (trac^es 
d'apres des donn^es microphotometriques) accompagnent souvent le 
texte; mais il est regrettable que les relev^s num^riques de ces courbes 
(a petite echelle) soient si rares. On devra se reporter aux Memoires 
originaux, fort instructifs, pour plus ample information. 

Un r^sultat tres important a pourtant indiqu6: celui obtenu dans 
r^tude de Talcaptonurie [Raoul (9«5)]. L'al<?dptone (acide homogentisique 
ou dihydroxyphenyl-ac^tique, d^rivant de la tyrosine et de la phenyl¬ 
alanine) poss^de une fluorescence bleue, que Toxydation augmente 
beaucoup par suite de la formation d'un compose triphenolique (type 
oxyhydroquinone i, 2, 4, celle-ci p>ossedant im pouvoir fluorescent in- 
comparablement plus intense que Thydroquinone). 

Nous allons main tenant considerer a part la fluorescence de deux 
polyphenols d'origine vegetale. 



360 420 460 500 540 570 

Fig. 6. Spectres do fluorescence du laccol (courbe in- 
fericurc) et du dimethyllaccol (courbe supdrieure). Deter¬ 
mination inicrophotoinctriques de BROOKS (p). [Bull. Soc. 
chim. France (5), 7, 638 (1940).] 
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Laccol et moriacoL Ce sont des o-diph6nols k longue chatne lat^rale 
6thyl6nique en C15, Isolds du latex d'arbres a laque (R/ius sp., Semeocarpus 
vernicifera, etc.). En lumiere de Wood, ils pr^sentent une fluorescence 
d'un bleu intense, comme I’a constate Brooks (9), a qui Ton doit une 
^tude tres soignee et detaill^e de leurs spectres de fluorescence fort 
remarquables. Pour le laccol CflH3(OH)2CieH29, remission est comprise 
entre A 545 et A 372 mfx (Fig. 6, p. 335). Le maximum d'intensit^ 
offre une structure complexe et comprend quatre petites bandes (433, 
426, 419, 413). II y a aussi deux maximums secondaires. 

Pour le mor^acol, remission est comprise entre X 537 et X 380, avec 
maximum d'intensite complexe (438, 431, 424 m/^) et des maximums 
secondaires. 

D'apres Brooks, la fluorescence de ces polyphenols et de leurs d6riv6s 
est due essentiellement a Tinfluence des doubles liaisons de la chaine 
lat^rale, rnalgr^ la presence des OH ph^noliques et meme malgr^ T^theri- 
fication de ces deniiers. 

Son travail contient les reproductions des spectres de fluorescence 
photographies ainsi que les courbes microphotom^triques correspondantes 
pour le laccol, le diac^tyllaccol, le dim^thyllaccol, le moreacol et le diac^tyl- 
mor^acol. Avec les d^riv^s, il y a apparition, pour chaque bande continue 
de fluorescence, d*une petite bande tres marquee se d6pla9ant vers les 
grandes longueurs d'onde, exception faite pour le diac6tylmor6acol, dont 
la bande continue pr^sente deux cannelures caract^ris^es par deux axes 
419 et 394 m/i. Brooks admet que les groupes m^thyle et ac^tyle inter- 
viennent dans ces complications de structure. 

Brooks (jo) a observe aussi de curieux changements de structure des 
spectres de fluorescence apres irradiation ultraviolette prolong^e. 

X. D6riv6s de Tindol. 

Von DEM Borne (6 ) a rattach^ la fluorescence bleue de Turine k la 
presence de monoac^tyl-indoxyle et de diac^tyl-indoxyle, d^riv^s ap- 
paraissant comme produits accessoires lors de la synthase de Tindican. 
Les spectres de fluorescence de ces deux corps ont photographies; et, 
dans son travail de 1938, Fauteur a insere les courbes microphotometriques 
qui montrent trois bandes d’emission: I sur X 554,5, II (plus petite) entre 
540 et 520, HI sur X 457 m/^. C'est k Texistence de cette demifere bande 
bien lumineuse que Ton devrait, selon von dem Borne, attribuer la 
fluorescence bleue de Furine. Cette conclusion a ete critiquee, en 1943, 
par Raoul (96), qui fait remarquer que ces deux corps indoliques n'ont 
pas de vraisemblance biologique et n*ont d'ailleurs pas ete extraits de 
Furine, Mais les resultats qu*il a obtenus au moyen de la chromatographie 
ont ramene toutefois Raoul aux corps indoliques; et il a etudie les spectres 
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de fluorescence des fractions isolces suivantes, qiii contribueraient in- 
egalement a conferer a J’urine une notable j)a/tie d(' sa fluorescence bleiu': 
acide /^-indol-acetique (i)eu fluorescent): acide A-oxy-/^-indol-acetique 
(fluoresc(ml); dioxindol (ties fluorescent). Les courbes dc's spectres de 
fluorescence de ces trois corps ont cHe juiblicVs })ar Kaoiu.. 

XI. Acide nicotinique et nicotylamide. 

On sait que I’acide nicotinique (si utilise inaintenant en therapeuti(jue) 
est I’acide pyridine-j-carl^onicjuc. La pyridiiu' ne possede qu’une faible 
fluorescence visible, conime le dit I). Bertram) {4). D’apres lui, le 
spectn' d(' la fluorescence visible de I’acide nicotinique est du ineine type 
que celui df)nne par la ])yridine. niais deplace \’ers le roug(‘ et ])liis intense. 
II a determine trois bancK'S de fluorescence a\'ec rnaxiniums respectifs 
sur A (>97, / 573 et / 455 m//. 

J.a fluorescence des sels de raniide de I’acidc K-mtHhylnicotini(jue 
est bien connuc*. Plusieiirs techniques ont tHe elaborees pour le dosage 
fluoroinetricpic de ra('ide nicotinique et de la nicotylamide. [Voir 
Kodicek {64 et 65). I La nicotylamide est tres rei)andu(‘ chez les animaux 
superieiirs (siirtout dans le foie) et chez les vegetaux (tout specialement 
dans les J.evmres). Des ('ornposes nicotini(]ues cntrcnt dans la constitution 
de plusieurs ferments et coferments. 

Un intcret tout .special s’attache a la nicotylamide en tant (]ue facteur 
preventif de la pcllagre. Dans un travail public en 1940, Najjar et 
Wood (82) ont etudie la fluorescence de vingt-sej)t corps pyridiques (dont 
la pyridine elle-meme, Tacide nicotini(]ue et la nicotylamide) en vue de 
reconnaitre quels .sont les derives nicotiniques excretes par rurine apres 
ingestion d'acide nicotinique. Ce travail contient plusieurs si)ectro- 
grammes de fluorescence reproduits et les courbes corrcsj)ondantes. Mais 
les auteurs n’ont ])u repondre qu’imparfaitement a la question ])osce. 
Ils remarqucnt certaines ressemblances avec le spectre de fluorescence 
d'un nucleotide diphosphopyridique, dont ils publient la photograi)hic. 

En 1941, Najjar et Holt {8ibis) ont repris cette etude et publi(!^. 
un assez long article sur les corps fluoresccnts qui ai)paraissent dans 
Turine apres transformation de Tacide nicotinique et de la nicotylamide 
dans Forganisme. Deux constituants sonL a considerer separ^ment, 
disent-ils, d6nomm^s par eux /q et corps est caracteristique 

pour Turine des pellagreux. Sa presence est rev^lec par une fluorescence 
bleue directement visible; fluorescence, notons-le, independante de la 
reaction acide, ncutre ou alcaline. Au contraire, chez les sujets normaux, 
on ne constate pas la presence de F^ apres ingestion d'acide nicotinique; 
kur urine contient pourtant aussi un compose .special dou 4 de fluorescence, 
qui a et6 appele F^ (manquant chez les pellagreux); mais cette derniere 
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fluorescence, d'un bleu blanchatre, n'apparait qu’apres alcalinisation; 
elle disparait en milieu acide. II est d’ailleurs possible que comprenne 
deux constituants, d’apres des resultats obtenus par Ellinger et Coul- 
SON isgbis) au moyen de Tanalyse par adsorption. 

Kaoul (95) s’est aussi beaucoup occupe de la question, qui a fait 
postericurement I’objet d’lin tres important travail d'ELLiNGER (jp). 
L'article d’ Ellinger est un expose surtout criticpie qui montre toute la 
complexite du sujet. T 1 no pout etre convcnablement resume ici. A noter 
pourtant qu’avec Coulson et Plait, Ellinger (25) avait constate, en 
1942, que le constituant de designation En, isole par chromatographic, 
possede un maximum d'emission par fluorescence sur X 469 mfi (sol. 
dans I'isobutanol), celui du thiochrome etant compris entre 460 et 470 m//. 
Re tenons ici les suggestions relatives a T etude du spectre de la fluores¬ 
cence ultraviolette en excitant cette fluorescence avec des raics de plus 
courtes longueurs d’onde (voisines de X 260 m//, par exemple). 

A la fin de cette section, il convient de signaler une communication 
de SiNGAL et Sydenstricker (iiobts) relative a Tapparition dans I’urine 
d’un corps special a fluorescence blcue lors d’ingestion de pyridoxinc 
(adermine, vitamine B«). substance naturelle (presente dans le jaune 
d'oeuf, la Icvure, etc.) qui semble posseder precisement une action curative 
remarquable dans la pellagre. Les relations avec F^ et Eg de ce corps 
fluorescent urinaire (surtout voisin de Ej) ont ete envisagees par Singal 
et Sydenstricker, mais ne sont pas completement (^lucida^s. 

Le chlorhydrate de pyridoxine, en solution alcoolique, prdsenterait 
une faible fluorescence pourpre d’apres Harvey (51). 

XII. Uro6rythrine (uroroseine). 

En 1939, Merkelbach (75) a etudie la fluorescence de ce pigment 
dont il a public le s})ectrogrammc de fluorescence. Nous transcrivons 
ce qu’il a dit: 

,,Dic Fluoreszenzfarbe des Uroerythrin ist rotgelb; dementsprechend 
zeigt das Fluoreszenzspektrum einc besonders ausgesprochene Intensitat 
im roten Spektralbereich zwischen 633 und 610 m^w. Im iibrigen erstreckt 
sich das Fluoreszenzspektrum bis in den blauen Spektralbereich; eine 
Abnahme der Fluoreszenz ist im Gelben und im Griinen zu beobachten. 
Das Fluoreszenzspektrum von Uroerythrin ist iibrigens sehr vorsichtig zu 
bewerten, da Uroerythrin im Licht, und besonders im Ultravioletten, 
unbestandig ist. Das den ultravioletten Strahlen langere Zeit ausgesetzte 
Uroerythrin zeigt keine rotgelbe, sondern eine gelbe Fluoreszenz. 

XIII. Chlorophylles. 

Il n’y a rien de particulierement important a ajouter sur les spectres 
de fluorescence des chlorophylles a et b, sujet amplement traits dans 
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notre precedent article (21). Ne manquons pas toutefois d attirer I’atten- 
tion sur les recherches bien etendues faites dans cv domainc, on 1943, 
par ZscHEiLE et Hakris (132). 

Strain, avee dcs collaborateiirs, a bcaiicoiip cdudie la chlorophylle c 
(chlorofucine; chJorophyllc y dc Tswett) (‘ii 1942 et 1943 (779— 120). 
II declare etre d’accord avee les determinations de la bande principale 
de fluorescence qui ont ete donneVs a la p. 321 de notre article de 1939. 
Utilisant un spcctropliotometre a cellule photoelectrique, il a jni deceler 
rexistence d'une faible bande accessoire sur Z 690 m// environ*. 

On doit a Manning et Strain (yj) la decouverte d’une nouvelle 
chlorophylle naturelle, qu’ils ont appelee chlorophylle ci. C’est un pigment 
vert, contenant du magnesium, qui existe chez un certain nombre 
d’Algucs rouges, en imrticulier chez Gigartina agardhii, d'ou on pent 
Textraire assez facilement. L'adsorption chromatographique est utilisee 
pour la purification. Ici, nous n'avons a retenir que ce qui concerne les 
spectres. Le maximum d’absorption (dans Tether) sur X 686 m/^ est, par 
rapport a celui de la chlorophylle a, notablement decale vers Tinfrarouge, 
comme on le voit. Les solutions dans Tether montrent une fluorescence 
d’un rouge fonce avec maximum sur A 693 m//. Vers X 750, il apparait 
de plus un maximum secondaire assez diffus. 

Signalons enfin que tout recemment van Norman {83) a etudie, avec 
des collaborateiirs, les spectres de fluorescence des pigments de deux 
Algues marines [Gigartina radtda et Iridaca sp.) en operant d’une part 
sur les Algues intactes et d’autre part sur des extraits. 

Il est etabli actuellemeiit que la propri(^te que possedent les diverses 
sortes de chlorophylles d’emettre par fluorescence des radiations comprises 
dans la plage allant de Tinfrarougt? au jaune tient a la presence dans 
leurs molecules de noyaux constitu6s a partir du complexe magn^.sien 
de la porphine (ou de scs derives). Or, Granick [48bis) a constate 
recemment que, dans les cellules de Chlorella, il se trouve dc la proto- 
porphyrine magn^sienne (pigment «pinkish fluorescent», dit-il); et ce 
fait Ta amene a formuler la conclusion suivante: «The isolation of mag¬ 
nesium protoporphyrin suggests that, after the synthesis of protopor- 

* Qu'il me soit permi.s de rectifier ici un nialentendn que je constate a la lecture 
de ces Memoires de Strain. J’ai toujours pense, moi au.ssi, que, — contrairement 
ce qu’avait affirnu^ Willstattek, — la chlorophylle c pouvait parfaitement 
preexister in vivo. Restait seulement k expliquer pourquoi cette fluorescence, non 
perceptible en examinant, par exemple, des Diatomees vivantes, devenait intense- 
ment visible en moins d’une minute (Bachakach et Dh6r6 , 1931) apr^js traitement 
par Tether. J’ai eu Toccasion de revenir sur la question dans un article (25) imprim6 
au debut de 1943 (alors que le travail de Strain d'aoiit 1942 m'cHait encore inconnu). 
J’ai dit la p. 46, note i): «On peut supposer que T^tat de la chlorophylle c chez 
les Pheophycees est comparable k celui de la flavine en combinaison prot^ique 
(flavo-prot^ine), la fluorescence n’apparaissant qu’aprt's d6comi)osition du symplexe.» 

22* 
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phyrin, insertion of maf^ncsium is the next step in the biological synthesis 
of chlorophyll by Chlorella.» 

Dans la revue publiee en 1939 (2j), de nonibreuses pages ont ete 
consacr6es aux spectres de fluorescence, non seulement des chlorophylles, 
mais aussi des porphyrines et de ceux de leiirs complexes mdtalliques 
qui sont fluorescents. T1 suffira done dc citer ici un travail de Albers, 
Knorr et Fry (j) se rapportant a la question. 


XIV. Polyhydroxyanthraquinones et composes 
similaires. 

Hypcricine et penicilliopsinc. Ayant parle assez longuement de ces 
pigments dans I’article (21) de 1939, nous ne dirons que I’essentiel des 



Fig. 7. Hyp6riciiu* et Oxypenicilliopsine. Compartinient A: Temperature ordinaire. Compartiments B et C: 
— it)o° (azote Uquefi^). Tous les spectres coucenient roxyp^uicilliopsine, sauf les nos. 6 et 7 de A (Hypericiiie). 
.\bsorption: A, nos. 2 et 6; B, nos. 2 et 3; C, nos. 2 et 3. Tous les autres spectres sont des spectres de fluorescence. 
DhERK et CaSTELLI (29). [C. R. Stances Soc. Biol. Filiales Associees 130, 593 (1939).] 


r^sultats obtenus par la suite, bien que ces pigments aient ete beaucoup 
6tudi6s, avec grand succes, depuis cette 6poque. Les spectrogrammes 
de Dher^: et Castelli (29) group^s ci-dessus ont publics en 1939, mais 
seulement apres la rt^daction de I’article cit6. Ils semblent ^tre suffisamment 
instructifs pour trouver place ici (Fig. 7). (Solutions dans rethanol.) 

On se bornera a attirer Tattention sur la bande de fluorescence sup- 
pldmentaire, toute proche de la raie de r^f^rence 706,5 m^ (presque a la 
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frontierc de rinfrarouge), qiii est bien visible dans le compartiment C 
(spectre No. 7). Solution alcoclique; plaque Agfa total Spektral. 

La constitution de I’hypericine a ete eliicidee grace aux travaux de 
Brockmann (7) et surtout deMACKiNNKY et Pace (72). Pour ces derniers, 
riiypericine est «a partially reduced polyhydroxyhelianthrone». Oxford 
et Raistrick [84) ont dit que la penicilliopsine est probablenient un 
derive de Thelianthrone ou de la naphtodianthrone. 

Des rechcrches sur la fluorescence de I’hypericine ont ete faites par 
Mackinney (72) et par Scheirk et Schontag (106). Dans rensemble, 
leiirs resultats concordent, d’une fa^on satisfaisante eii somme, avec ceux 
exposes dans mon article de 1939. Mais on ne saurait omettre de dire 
que le travail etendu de Schhirk (contenant ctes reproductions de deux 
spectrogrammes de fluorescence obtenus a 21'' et a - 192') a une impor¬ 

tance capitale au point de vue pliysico-chimifjue. 

On doit aussi at tirer Pattention sur la fagopyrinc, constituant fluorescent 
(photo-toxique) du Sarrasin, appartenant a la meme famille chimique 

(7.67). 

Lanigerine et strobinine. Comme Phypericine et la penicilliopsine, ces 
deux pigments appartiennent par leur constitution a la famille des poly- 
hydroxyanthraquinones. C’est ce qu'(^tablissait des 1936 Blount (5), 
avant que la constitution de Phyf)ericine et de Poxyphenicillioi)sine ne 
fut cormue. La lanigc^rine provient de VEriosoma lanigemm et la strobinine 
du Pineus strohi qui sont, tons deux, des Pucerons aphidiens. Blount 
avait d^ja not6 quelques observations int^rcssantes concernant la fluores¬ 
cence de ces pigments; et, grace a sa gen6rosit6, j'ai pu en faire une etude 
plus complete (22). 

A Petat solide, la lanigerine et la strobinine (C3(,H240g), 

plac^es dans un faisceau intense de rayons violets et ultraviolets, mani- 
festent une fluorescence rouge. Avec la lanigerine, la fluorescence est 
d'un rouge orange et presente un eclat extraordinaire. Le spectre d’Emis¬ 
sion est du type observe avec les solutions neutres d'oxy-penicilliopsine, 
sauf que la subdivision de la bande la plus large et la plus refrangible n'a 
pu etre constatee avec certitude. Ce qu'on voit done au spectroscope, 
ce sont deux bandes lumineuses separEes par un minimum bien distinct. 
Ces bandes ont respectivement pour axes A 660 et A 611,5 Avec les 
cristaux de strobinine, la fluorescence est hotablement moins brillante, 
ce qui provient sans doute, dans une ceicaine mesure, de ce qu'elle est 
constituEe par des rayons de couleur beaucoup plus rouge, impression- 
nant moins la rEtine. L'cxamen spectroscopique direct n’a permis de 
determiner qu’une seule bande lumineuse, assez large, ayant approxi- 
mativement pour axe A 630 m//. 

La lanigErine en solution dans Palcool s’oxyde rapidement au contact 
de Pair. Ce qui suit se rapporte a une solution dEja oxydEe, de couleur 
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jaune orange. Elle presentait ime vivo fluorescence d’un vert legerement 
nuanc6 de jaune ct d^orange; tandis que la solution alcoolique de stro- 
binine, de couleur orangee (un peu cramoisie), presentait une fluorescence 
d'un jaune orange a peine verd 4 tre. Ainsi, comme I’avait note Blount (5), 
il y a une grande difference de couleur pour la lumiere de fluorescence 
des deux liqueurs; et pourtant Tanalyse spectrale montre que les bandes 
de fluorescence (comme cclles d'absorption) sont en nombre 6gal dans les 
deux cas et ont a peu pres les memes axes. Ce qui differe surtout, c’est 
Tintensite relative des bandes quand on passe de Tun a Tautre pigment. 
On se bornera a une description sommaire. 

Axes des bandes dc la lanigerinc (AA en m/i). 

Fluorescence: I 634 (ou 635); II 608; III 501; IV 565; V 530; VI 499. 
Absorption: I 587; II 563.5; III 521; TV 48(>. 

Pour rintensite, on constate que les bandes d’absorption I et Til sont 
moins fortes que la bandc II; la bande IV est bien forte pour la lanigerinc, 
faible pour la strobinine. Pour la fluorescence, la bande V (verte) est 
tres brillante avec la lanigerinc. 

Refroidie a —180°, la solution de lanigerine montre une fluorescence 
qui est surtout orangee (alors qu'elle est surtout verte a + 18°); on 
observe alors les bandes suivantes (ct quclques autres du cote ultraviolet). 
Fluorescence: I A 644,5; II A 612; III A 596; IV A 567; V A 533; VI 
A 503 

Ce spectre n’a pas paru bien stable. Apres refroidissement dans Fair 
liquidc, le spectre de la strobinine n*a pas etc autant transpose vers 
rinfrarouge (I'axe dc la premiere bandc 6tait sur A 639 m//). 

II est interessant de signaler que, dans la plage comprenant le rouge, 
Torange et le jaune, les spectres de fluorescence dc la lanigerine, dc la 
strobinine ct de Toxypenicilliopsine (ou de I’hypericinc) presentent, en 
solutions alcooliques, une grande ressemblance; mais, a la temperature 
ordinaire, le spectre de Toxypenicilliopsine est un peu plus pres de Tinfra- 
rouge, En determinant I’axe de I’intervalle correspondant au minimum 
d’emission qui separe les deux premitTes bandes de fluorescence, on a: 
lanigerine solide A 639; solution d’oxypenicilliopsine A 626,5; i’Olution de 
lanigerine A 623; solution de strobinine A 621,5 m//. 

Ces constatations m’ont amene a rechercher si les solutions alcooliques 
d'oxypeniciliiopsine cristallisee et d’hypericine [de Mackinney et Pace 
(72)] ne possedaient pas, elles aassi, quelques bandes de fluorescence dans 
le vert. Ces bandes ne sont pas perceptibles a la temperature ordinaire 
dans les conditions habituelles d’observation; mais on en aper^oit plusieurs 
apres refroidissement a —180®. 

En terminant, on nous permettra de faire remarquer que ces quatre 
pigments anthraquinoniques sont avec les porphyrines les produits 
biologiques naturels actuellement connus possedant dans le visible les 
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spectres dc fluorescence les plus «nettement structures)) (surtout a tres 
basse temp6rature), — spectres qui, tous, ont et6 d’abord determines 
dans notre laboratoire. Tout a c6te, se placent certains pigments chloro- 
phylliens dont nous avons aussi beaucoup contribue a etudier les spectres 
de fluorescence. 

L’examen d'une solution alcoolique de citro-roseine, — pigment 
anthraquinonique (co-oxy-<'imodine) produit par le Penicilliuni citro- 
roseum et prepare par Posternak et Jacob (gj), — m’a montre {24) 
cinq bandes lumineuses emises a la temperature d’ebullition de Fair 
liquide. 

XV. Lampyrine. 

Dans un article datant de 1943, Metcalf (77) a fait connaitre un 
curieux et interessant pigment a fluorescence d'un rouge orange dont il 
a reconnu la presence chez de nombreux Lampyrides (Coleopteres). 

Ce pigment, qu’il a appele lampyrine, est insoluble dans Teau, dans 
le methanol et Tethanol, dans Tether, le chloroforme, le sulfure de car bone, 
la pyridine, Tacide acetique. Mais il se dissout dans Tacide chlorhydrique 
a 5% (et davantage), donnant une liqueur coloree en rose, dou^e d’une 
brillante fluorescence orangee. Le spectre de fluorescence s’etend de 
X 655 a X 563 m/i, avec maximums sur 635 et 600 m//. Apres addition 
d'un exces de potasse, on obtient une liqueur d’un bleu sombre avec 
fluorescence rouge feu comprise entre 672 et 622 m/i, le maximum d’^mis- 
sion correspondant a X 650. Par irradiation, la liqueur p 41 it peu a peu et 
tourne au vert jaunatre. Il cxiste une forte bande d’absorption dans la 
plage jaune-vert (maximum sur X 565 nyi) pour la liqueur chlorhydrique. 

Metcalf (77) a compare le sj^ectre dc fluorescence de la lampyrine 
avec tous ceux que j’ai decrits dans la mtoe region. En tenant comptc 
de la solubility et en considerant que le spectre de fluorescence ne cor¬ 
respond a aucun de ceux actuellemcnt connus, il est arriv6 a la conviction 
que la lampyrine est un nouveau pigment bien a part. Par ses caracteres 
de solubility, la lampyrine pourrait, dit-il, seinbler voisine des ptyrines; 
mais, tandis que les ptyrines donnent une ryaction de la murexide positive*, 
la ryaction est nygative avec la lampyrine. 

Le travail contient bien d’autres indications d’ordre chimique et 
beaucoup de dytails zoologiques qu’il n’y ja pas lieu de donner ici. Il 
suffira de dire que les recherches de Tauteur ont surtout porty sur Photinus 
marginellus et que, chez Tanimal vivant, la fluorescence apparait dyja dans 
certaines rygions lors de Tobservation avec le microscope a fluorescence. 
Notons encore que la lampyrine a pu etre pryparye par Metcalf a Tytat de 
cristaux prysentant une fluorescence rose saumon. Espyrons que, sans trop 
tarder, la constitution de ce remarquable pigment pourra ytre yiucidye. 


L’erythropterine ne donnerait pas la reaction de la murexide. 
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XVI. Carotene, phytoflufene et vitamine A. 

J’ai deja eu Toccasion [21) dc parler de la fluorescence du carotene, 
C4(,H56 (qui, chose curieusc, avait completement (^chappt^ a Tswett). II ne 
semble pas que d’autres determinations spectrales de la fluorescence aient 
ete faites par la suite. II est interessant de noter que Straus [121), dans 
ses belles recherches sur les chromatophores, a constate que les chromato- 
phores contenant du caroteme [Dauctis carota) presentent en lumiere 
ultraviolctte unc fluorescence «liellgrun» apres purification extremement 
poussee. 

Phytofluene, ce polyene naturel incolore (011 pale) C40H64 (i Hg) doit 
etre place tout pres des carotemes [Zechmeister et Polgar (J29); Zech- 
MEiSTER et Sandoval {130 — Jji)]. Les solutions dans Thexanc ou 
Tethanol montrent en lumiere diffuse du jour une fluorescence vert 
bleuatre. En lumiere ultraviolette, le phytoflutTie dissous ou adsorbe 
presente une tres intense fluorescence d'un gris verdatre. On observe 
des ph^nomenes semblables en examinant le j)hytofluenol, qui est un 
derive naturel du phytofluene [Zechmeister et Pinckard {128)]. 

Schaerer, avec des collaboratcurs, s’est beaucoup occupe de la 
fluorescence de la vitamine A, C20H29OH (J05). On trouvera, dans mon 
article de 1939, mes r^sultats obtenus avec de la vitamine A relativement 
pure. Schaerer n’a opere que sur du Vogan. II reproduit le spectre de 
fluorescence qu’il a obtenu et remarque: „Leider ist das Luminescenz- 
spektrum des Vitamins A, wie es z. B. das Vogan zeigt, sehr uncharakte- 
ristisch. Es findet sich ein kontinuierliches Spektrum zwischen 500 bis 
600 m/>e . . . Unser Leuchtstoff entspricht mit groBer Wahrscheinlichkeit 
einer Form des Vitamins A. Sicher ist jedoch, daB das Vitamin auch in 
anderer, nicht lumineszierender Form, im Kdrper vorkommt.“ 

Greenberg et Popper (^9, 92) ont 6tudie la fluorescence de la vita¬ 
mine A, au moyen du microscope a fluorescence. La fluorescence verte 
des foies de Mammiferes et de Poissons de mer serait due a la vitamine Aj; 
tandis que, chez les Poissons d’eau douce, les cellules h^patiques montre- 
raient une fluorescence jaune brun, attribute a la presence de vitamine Ag. 

Au point de vue chimique surtout, les travaux de Sobotka et col- 
laborateurs {112 — 114) sur la fluorescence de la vitamine A sont pleins 
d'int^r^t, L'augmentation tr^s rapide de la fluorescence par irradiation 
dans le cas des esters (acetate de vitamine A, etc.) doit etre signalee. 

XVII. P6nicilline et streptomycine. 

On ne sait encore que bien peu de chose sur la fluorescence de ces 
deux corps; mais, ^tant donn^ Timportance extraordinaire de ces anti- 
biotiques, on indiquera ce que Ton connait. Helander (52), en 1945, 
a signal^ la fluorescence verte de la p^nicilline; puis, dans un travail 
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^tendu public post^rieurement {S^his), il a eu loccasion de donner des 
indications compl^mentaires: A T^tat pur et sous forme de poudre, la 
p6nicilline pr^sente, dit-il, en lumiere U. V., une assez forte fluorescence 
d'un vert jaun^tre. Apr^s injection chez la Souris (sol. au millieme), 
cette fluorescence peut ^tre d^celee sur de minces coupes de tissus, la 
couleur passant au jaune puis au jaune brunatre par chauffage (5 minutes) 
a 150° puis a 200°. Scudi et Jelinek (loy) ont d6crit une m^thode 
fluorom^trique pour la determination microphotometrique de la penicilline. 
Mais il ne s'agit pas d’une methode bas^e sur la fluorescence directe de 
cet antibiotique (technique compliqu6e a voir dans le travail original). 

Les observations de Frediani [45) sur la fluorescence des sels de 
streptomycine a Tetat solide doivent retenir I’attention, bien que Tinter- 
vention d'une impurete ne soit pas absolument exclue. 


Appendice: La topographic spectrale dans Texcitation 
des fluorescences (Spectrofluorescence). 

Beaucoup de fluorescences visibles sont excit^es par des radiations 
visibles. Beaucoup de fluorescences visibles ou ultraviolettes sont ex- 
cities par des radiations ultraviolettes. Nous attirons, de plus, Tattention 
sur le fait qu*il peut y avoir (on en connait maintenant de nombreux 
exemples) Emission par fluorescence de rayons infrarouges dans la plage 
infrarouge voisine du visible (Dher6 ct Aharoni, 1930). Enfin, dans 
cette meme plage invisible, ne pourrait-il pas y avoir Emission de rayons 
infrarouges par excitation uniquement au moyen de rayons egalement 
infrarouges de moindres longueurs d*onde? J'ai eu Toccasion d^ja (26) 
de parler de cette question en 1944. Malheureusement, je ne vois pas 
d'observation 4 citer en exemple pour ce dernier cas qui ne semble pas 
avoir 6t6 pris en consideration par les auteurs jusqu*a present. 

On ne peut songer a donner ici un expose detailie des problemes de 
spectrofluorescence. Je n'ai pas ete sans en parler dans mon livre de 
1937 J'y ai decrit notamment Tingenieux dispositif imagine pour 
cette etude par V. Henri et R. Wurmser (cf. ig ). Dans un important travail 
de Vles { 12 s), deux dispositifs d'une application tres pratique sont 
decrits et figures: Tune des techniques est un^^reperage a vue, 1 'autre un 
reperage photographique (les excitations etant realisees par les raies du 
spectre du mercure); voir aussi Germann et Woodriff (46). 

Apres avoir precise theoriquement le probieme des radiations excita- 
trices pose 4 partir de la regie de Stokes, Vl^:s examine d'une fa^on 
critique les resultats qu'il a obtenus. Maintes remarques de I'auteur, 
concemant notamment I'apparence antistokes de I'excitation des fluores¬ 
cences des protides, sont tres instructiyes. Il discute en particulier 
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Tapplication possible de la loi de Wawilow quand la fluorescence de 
certains protides est excit^e par des radiations de Tultraviolet 61 oign 6 , 
jusque vers A 220 m//. Les observations de VLfes n’ont pas port6 que sur 
des protides et des acides amin6s (voir Figures 2, 8 et 9); elles ont 




2. S~ (/icetopiperatine 


^ ^ I § 




i-lysine 




Fig. 8. Courbes repr^sentant, pour quelqu.es acides amin^ et la dic^topip^razine, rinten8it6 de la fluoKacence 
exoiUie localement par let raies xiltiaviolettes da mercure. D’apr8s Vlbs {i» 5)> [Arch. Physique bioL Gbhn.* 
Physique Corps organist i6, 137 (1943).] 


^t4 ^tendues k bien d'autres corps (le verre y compris). Nous reproduisons 
id la classification des domaines d'excitation qu'il a propos^ d'apr^ 
Tensemble de ses observations*: 

A. Substances fluorescentes ayant une seule bande d'exdtatiqn 
{monoflores); celle-d pent fibre: 
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a) progressive et itendue sur tout Tultraviolet (verre d*urane, ombelli- 
f^rone, gelatine); ou bien: 

b) limitie a une portion d^termin^e de Tultraviolet, soit le proche 
ultraviolet (huile d'arachide, ac. nucMique), soit Tultraviolet 61oign6 
(verre). 

200 300 m SOO $00 


I I .... I .... I ... I .... I .. I . i .1 I I I I I f 



Fig. 9 . Courbes repr^s^itant, pour quelques acides amin^ ct Tacldc nud^ique, Tintensltd de U fluoresceace 
exdtte localement par les raies ultraviolettes du mercure. D’aprds Vlbs (^^5)* [Arch. Physique bioL Chim. 

Physique Corps organist i6, 137 (i943) !] 

B. Substances fluorescentes ayant pVUsieurs handes d^excitation 
{polyflares ): 

a) les diff4rentes bandes excitent une mime fluorescence, c*6st-i-dire 
se rapportent un mtoe chromophore {homoflores: quinine, bande rouge 
de la chlorophylle, t 3 n:osine, sirumalbumine); ou bien: 

b) les diverses bandes d'excitation excUerd des domaines diffirenis, 
c*est*^i-dire s'adressent k des syst&nes chromophoriques distincts {hiUro^ 
flares: naphtaltoe; chlorophylle a). 


23 a* 
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Comme le dit VLt:s au d^but de son article {125) (et cela reste vrai mfime 
apr^s son travail), nous ne poss^dons encore que tres peu de donn6es sur 
la topographie spectrale des radiations excitatrices des fluorescences. 
A signaler en passant Tint^r^t que pr&entent, dans cet ordre d'^tudes, 
les recherches d'ANDANT expos^es dans notre article {21) (fluorescence 
des alcaloides). 

Cet appendice a surtout pour but de souligner Tinter^t que peut 
presenter cette connaissance au point de vue de la Photochimie bio- 


//*. Piatte Agfa fi^y’StrahiBnintensitat 

H ..Pi a ft 0 Super fUigur Mtfte Plussigkeif 165r/min 



Fig, 10. Spectre de fluorescence de I’eau par excitation avec les rayons et y du radium. Maier {72bis). 

[Radiologia Austriaca 2 , gi (1949).] 

logique et de provoquer de nouvelles recherches dans ce sens. Et pour 
finir, qu'il nous soit permis de rappeler que, sans 6tudier sp^cialement 
la spectrofluorescence proprement dite, nous avons, dans une s^rie de 
travaux rfcents (hyp^ricine, ox5q)4nicilliopsine, escorc6ine, d^soxycorti- 
cost6rone, triol de la vitamine Dg, etc.), utilis6 aussi (et avec des r^sultats 
souvent excellents), pour Texcitation pratiquement monochromatique 
des fluorescences, la double raie jaune du sodium ainsi que les deux raies 
du mercure A 579 et A 577 m/Li. 


Les lignes pr^c^dentes sur la Spectrofluorescence 6taient remises a 
rimprimeur quand nous est parvenu un important et tout recent travail 
de Mme Hilda Maier {72bis),, travail qui constitue pricis&nent une 
extension considerable de la question examinee dans cet Appendice. 
Ainsi qu'U vient d'etre dit, Vufes a pousse I'etude de Tultraviolet excitateur 
jusqu'^ A 220 mju environ; or, dans ses recherches, Mme Maier a opere 
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non seuiement avec le rayonnement du radium constitu^ par les rayons /S 
et y associ^s, mais encore avec les seuls rayons y qui, on le sait, different 
des rayons ultraviolets proprement dits par leur longueur d'onde beaucoup 
plus courte. Pour la premiere fois, sauf erreur, ce travail apporte, dans 
ce domaine, des spectres de fluorescence photographi6s; les r^sultats 
principaux qu'il y a lieu de signaler ici se rapportant k des ^chantillons 
dc s6rum, k rii6matoporphyrine dissoute ainsi qu'a Teau et TalcooL 
Comme le montre la Figure 10, il apparait pour Teau une bande de 
fluorescence assez forte et pratiquement continue, comprise entre A 230 
et A 500 xn/u, avec maximum bien marqu6 sur A 366 myw environ. Meme 
resultat par irradiation avec les rayons y seuiement. 

Avec rh^matoporphyrine, il n'y a pas eu d'enregistrement d'une 
emission correspondant a celles decrites et figurdes dans notre pr^c^dent 
article (21, pp. 325 a 330). Void d'ailleurs ce qui dit Mme Maier: »Die 
Fluoreszenzspektren von Stoffen, wie dem Hamatoporphyrin (solution 
dans HCl ^ 5 p. 100) oder dem in biologischer Hinsicht wichtigen mensch- 
lichen Serum, diirften hauptsachlich durch die Fluoreszenz des Wassers 
bedingt sein. Ver^nderungen gegeniiber dem letzteren sind hauptsachlich 
durch Absorption der Fluoreszenzstrahlung in der Fliissigkeit bedingt*.» 

La technique spectrographique, d’une grande difficult^, est amplement d^rite 
par Tauteur, qui a public les reproductions de plusieurs de ses spectrogrammes. 
J1 faut ajouter que ce beau M^moire contient aussi une discussion approfondie d'ordre 
physique pour les diverses constatations relatdes. 
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Anhalamine 247, 260, 2O3. 

Anhalidine 247, 260, 261, 263. 

Anhaline 246, 254. 

Anhalinine 247, 260, 261, 263, 271. 
Anhalonidine 248, 260, 261. 262, 263. 
Anhalonidine, pharm, effect 279. 
Anhalonine 248, 260, 262, 264. 
d-Anhalonine 262. 

/-Anhalonine 262. 

Anhalonine, pharm. effect 279. 
Anhalonium alkaloids 246. 

Anhalonium fissuratum 246, 248, 254. 
Anhalonium jourdanianum 247, 261. 
Anhalonium lewinii 245, 246, 247, 251, 
257, 261, 262, 272, 279. 

Anhalonium pHsmaticum 249. 
Anhalonium williamsii 246, 247, 261. 
Anhydrides macrocycliques, odeur 107. 
Anhydro-oxy-progesterone, fluorescence 
320. 321. 

Animal and vegetable fats, comparison 

52. 

Anisyl-1 -butanone-3 115. 
N-(2-/)-anisylethyl)-N-methylcinnamide 
256. 

Anthocidaris crassispina 199. 
9,10-Anthrachinon 155. 

Anthrachinone in hdheren Pflanzen 176. 
Anthrachinon-derivate im Tierreich 200. 
Anthragallol-2-dimethyiather 190. 
Antimalaria-Wirkung (Chinone) 204. 
Antimitotica 209, 211. 

Antimitotischer Effekt (Chinone) 209, 
211. 

Apricot kernel (fat) 15. 

Arachidic acid 3. 

Arachidonate in blood serum 31. 
Arachidonic acid 4, 27, 28. 

Arachin 294. 

Arh < u>ia 197. 

Arbacia punctulata 198, 213. 

Arbada pustulosa 197, 198. 

Arbres k laque 336. 

Afchangelica officinalis 96. 

Arginine 292, 293, 302. 

Arginine, fluorescence 324. 

Ariocarpus fissuratus 248. 

Afiocarpus retusus 249. 

Afomia moschata no. 


Arterenol 276. 

Arteria ischiatica 215. 

Arihrophytum lepiocladum 252, 273. 
Ascorbinsaure 192. 

Asolectin 23. 

Aspartic acid 292, 302. 

Aspergillus 167. 

Aspergillus echinulatus 161. 

Aspergillus fumigatus 158, 166. 
Aspergillus glaucus 161. 

Aspergillus glaucus-Kxten 164, 165, 168. 
Aspergillus ruber 165. 

Asperula-kxtQTi 189. 

Aspidistra 300. 

Asirophytum myriostigma 249. 
Associative dynamic effect 42. 

2-Athyl-3,5,6,7,8 -pentaoxy-1,4-naphtho> 
chinon 197. 

Atromentin 160, 167. 

Atropine, fluorescence 333. 

Auroglaucin 161, 167. 

Avicennia iomeniosa 183. 

Avitaminosis K 39. 

Avocado fat 15, 5G. 

Azelaic acid 38. 

Babassu 3. 

Babassu fat 55. 

Bacillus cereus 156. 

Bacillus mycoides 156. 

Bacillus suhtilis 156. 

Barbaloin 187. 

/ 5 -Barbaloin 187. 

Barley 254. 

Barracuda 52. 

Batyl alcohol ii. 

Beaver 112. 

Beef (fat) 16. 

Beef tallow (fat) 20. 

Beeswax 3. 

Befruchtungsstoffe 196. 

Behenic acid 3. 

Benzanthrachinon 211. 
i,2-Benzanthren-3,4-chinon zio. 
o>Benzochinon 157. 

/>*Benzochinon 214. 

Benzochinon und Hautpulver 216. 
Benzochinone in hOheren Pflanzen 175. 
i:2-Ben2op3rrfene, fluorescence 315. 
Benzylid^ne-muscone 95, 96. 
Benzyl-isoquinoline alkaloids, biogenesis 
271. 
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B^zoards 131. 

Berb^rine, fluorescence 333. 

Berb^rinium 334. 

Bernsteinsaure-oxydasesystem 206. 
Bernsteinsaure-oxydase, Einwirkung von 
Chinonen 220. 

Bethabarra-holz 183. 

B^tuligenol 114, 115. 116. 

B^tulig^nol (castordum) 115. 

Betuloside 115. 
a-Bicyclo-farn6sal 130. 
jJ-Bicy clo-f arn^sal 130. 
ot-Bicyclo-f arndsol 130. 

^-Bicyclo-farn^sol 130. 
Bicyclo-farndsylidfene-acdtone 130. 

Bieber 112. 

Bignoniceae 183. 

Biologische Wirkung (Chinone) 201. 
Biolumineszenz, Heinmung durch Chinone 
208. 

Biosynthl‘se de rambr6ine 128. 

Biotin and fat 36. 

Biotin sulfoxide 36. 

Diziura lobata iio. 

Black Sea bass 53. 

Black walnut (fat) 15. 

Blaireau no. 

Blastenia arenaria 173. 

Blasteniasaure 173. 

Blastenin 173. 

Bluefin tuna 54. 

Bodenbakterien, Bildung von Chinonen 
157- 

Boeuf musqu^ no. 

Bolhocera gallicus 89. 

Boletol 162, 168. 

Bo/^/ws-Arten 162. 

Boletus scUanas 168. 

Bombyx mori 89. 

Bonito 53. 

Born^ol 113, 114. 

Bos indicus no. 

Bouleau 115. 

Bouquetin porte-musc 91. 

Bourgeons 113. 

Brazil nut (fat) 15, 56. 

Brisket (fat) 16. 

Bromoexaltono 99. 

Bromo-i8-octad^cfene-i i-c6to-3-oate 104. 
Bromo-i 8-octad^fene-i I-c^to*3-oate 
d'^thyle 104. 

Broom 253, 256. 


Bufo arenarum 273, 277. 

Bufo marinus 273. 

Bufo paracnemis 273. 

2-Butenoic acid 4. 

Butter 3. 

Butter, absorption 24. 

Butter, nutritional value 60. 

Butter fat 16, 20, 64. 

Butter fat, absorption 24. 

Butternut fat 15. 
w-Butyl-mercaptan n i. 

Butyric acid 3, 13. 

Cabrilia pinta 53. 

Cachalot 121. 

Cachalot, concretions intestinales 120. 
Cactaceac, list of alkaloid containing 247, 
249. 

Cactus alkaloids 242. 

Cactus alkaloids, biogenesis 268, 270. 
Cactus alkaloids, chemistry 252. 

Cactus alkaloids, history 244. 

Cactus alkaloids, isolation 250. 

Cactus alkaloids, location 250. 

Cactus alkaloids, occurrence 247. 

Cactus alkaloids, pharmacology 276. 
Calciferol 318. 

Calcium and fat digestion 21. 
Callichromides no. 

Caloric density (fat) 14. 

Canard musque no. 

Candicine 248, 254, 255, 257, 269. 
Candicine, pharm. effect 277. 
Cantharidine 89. 

Capra ibex no. 

Capric acid 3, 13. 

Caproic acid 3, 13. 

Caprylic acid 3, 13. 

Carbonates macrocycliques, odeur 107, 
Carddn grande 248. 

Carmins^ure 200. 

Carnauba wax 3. 

Carnauhic acid 3. 

Carnegiea gigantea 246, 248, 265. 
Carnegine 246, 248, 264, 265, 266. 
Carnegine, pharm. effect 279. 

Carotene 10, 38. 

/^-Carotene 52. 

Carotene, fluorescence 344. 

Carot^oides 90. 

Carotenoids 300. 

Carotenoids, utilization (rat) 39* 
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Carviolacin 168. 

CarvioUn 165. 

Cascara sagrada 177. 

Cassia-Arten 178, 187, 189. 

Castor (fat) 20. 

Castor (oil) 55. 

Castor, deposition 114. 

Castor, glandes k parfum 114. 

Castor, nourriture 113. 

Castor, organes sexuels 113. 

Castor, secretion 112. 

Castor Canadien 112. 

Castor fiber 112. 

Castoramine 114, 118. 

Castoreum 90, 112, 143. 

Castoreum, acides 118. 

Castoreum, amines 118. 

Castoreum, constituants 114. 

Castorine 113. 

Catalase 301, 303. 

Catenarin 163. 

Cawal-Kurundu 3. 

Cephalopode 110. 

Cereal seedlings 254. 

Cereal seeds, proteins 291. 

Cerebrosides 3. 

Cerelose 42. 

Cereus giganteus 248. 

Cereus grandiflorus 249. 

Cereus pecten^aboriginum 246, 248, 251, 
264. 

Cereus peruvianus 249. 

Cerotic acid 3. 

Cetal de la civettone 106. 

Cetal de dehydrocivettone 106. 
cetanes cycliques loi, 
Ceto-9-heptadecane-dioate d’ethyle 105. 
Cetones macrocycliques 97, 101. 

Cetones macrocycliques, odeur 107. 
Cetyl alcohol 12. 

Challote 247. 

Chamois 110. 

Charlock (fat) 15. 

Chaulmoogric acid 29. 

Chavicol 114. 

Cheierythrine 334 . 

Cheiidoxanthine 334. 

Chemotaktische Wirkung 197. 

Cherry kernel (fat) 15. 

Qieveux d'adultes 119. 

Chevrotain 91. 

Chevrotain porte-musc 92. 


Chicken (fat) 16. 

Children, nutrition 63. 

Chimie macrocyclique 143. 

Chimie de I’oiefaction 90. 

Chimyl alcohol ii. 

Chinoide Flechtenstoffe 174. 

Chinoide Pilzpigmente 158. 

Chinon 192. 

Chinone 154. 

Chinone, antibiotische Effekte 202. 
Chinone, antimitotische Effekte 209. 
Chinone, Antimalaria-Wirkung 204. 
Chinone bakteriellen Ursprungs 156. 
Chinone, bakterizide Wirkung 201. 
Chinone, biologische Wirkung 201, 222. 
Chinone, blutdrucksenkende Wirkung 215, 
Chinone, Biosynthese und Funktion 179. 
Chinone, chromosomen-verandernde Ef¬ 
fekte 212. 

Chinone, eiweiBgerbende Wirkung 216. 
Chinone aus Flechten 173. 

Chinone, fungizide Wirkung 208. 
Chinone und Hamoglobin 214. 

Chinone und Hefefett 222. 

Chinone in hbheren Pflanzen 173, 180. 
Chinone und Methamoglobin-Bildung2i4. 
Chinone im Mineralreich 155. 

Chinone, mutagene Effekte 212. 
Chinone, photosensibilisierende 178. 
Chinone in Pilzen 157. 

Chinone und Proteine 216. 

Chinone und Pflanzenatmung 193. 
Chinone, Struktur und Wirkung 202. 
Chinone im Tierreich 193. 

Chinone, Vorkommen 155. 

Chinone, Wirkung auf Enzyme 217. 
Chinone, Wirkung auf Invertebratea 213. 
Chinone, Wirkung auf Leuchtbakterien 
208. 

Chinone, Wirkung auf Mikroorganismen 
201. 

Chinone, Wirkung auf niedere Pilze 207. 
Chinone, Wirkung auf Vertebraten 214. 
Chinone und Zellteilung 209. 

Chinon-Gerbung 194. 

Chinon wirkung, Mechanismus 203, 216, 
Chlorella 339. 

Chlorophylle 300, 339. 

Chlorophylle d 339. 

Chlorophylle y 339. 

Chlorophylles, fluorescence 338. 
Chloroplastic protein 297, 299. 
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Chloroplasts 296, 298, 300. 
Chloroplasts, enzym content 301. 
Chloroplasts, gross composition 299, 
j 5 -Cholestanol 114. 
Cholest6none-4-one-3 122. 

Cholesterol ii, 114, 120, 122. 
Cholesterol, fluorescence 315. 
Cholesterol irradie, fluorescence 315. 
Chromatographic separation (fatty acit 
5 - 

Chrysaron 188. 

Chrysaron-glucosid 188. 

Chrysophanein 187. 
Chrysophan-glucosid 187. 
Chrysophanol 178, 187. 
Chrysophansaure 163, 177, 187. 
Chrysopontin 178. 

Chrysorhapontin 178. 

Cinostemon pennsylvanicum 110. 
Citrinin 159. 

Citronellol 120. 

<f-Citronellol 120. 

Citrorosein 164. 

Citroroseine, fluorescence 343. 

Civet 93. 

Civette 90, 92, 93. 

Civette, constituants 93. 

Civettol 93. 

Civettone 89, 93, 94 , 95 » 138. 
a-Civettone 104. 

/ 3 -Civettone 104. 

Civettone-a-carboxylate d'ethyle 104. 
ciS-Civettone 104, 105. 
fra»s-Civettone 104, 105. 
/yans-Civettone-a-carboxylate 104. 
Civettone-epoxyde 141. 

Civettone, synthase 103. 

Civettones, stereosimerie 106, 
C/odowia-Arten 174. 

Clostridium perfringens 203. 
Clostridium welchii 220. 

Clover 299. 

Clupanodonic acid 4, 29. 

Clysia ambiguella 89. 

Cluytia similis 187. 

Coccus cacti coccinelliferi 200. 

Coccus laccae 200. 

Cochenille*Farbstoff 200, 

Cochon, glandes odorantes no. 

Cocoa butter 15, 20, 56. 

Cocoa butter, absorption 24. 

Coconut 3. 


Coconut fat 15, 20, 55, 56. 

Coconut oil, absorption 24. 

Cod liver oil 16, 20, 52, 54, 55. 

Cod liver oil, absorption 24. 

Coefficient of digestibility 14. 

Cohune fat 15. 

Coieoptferes no. 

Colchicin 209, 211. 

Colloid mill 297. 

Color vision 278. 

Commercial shortening, absorption 24. 
Composition of fats, variations 12. 
Conarachin 294. 

Concianella maritima 185. 

Concretions in test males 120. 
Condensation acyloinique 102. 

Conepaius suffocans in. 

Constitution et odeur (steroides) 138. 
Coprostanone-3 122, 123. 

Coprosterol 121, 122. 

Coprosterol, formation 122. 

Coral tree 3. 

Corn oil 15, 17, 20, 55, 56, 64. 

Corn oil, triglycerides 9 - 
Corn seed fat 56. 

Corps k grande cycle 96. 

Corps pyridiques, fluorescence 337. 
Cortex Frangulae 177. 

Corticosterone, fluorescence 320, 321. 
Corydalis aurea 267. 

Corydalis pallida 267. 

Corydalis tuberosa 267. 

Coryneine 246, 249, 257. 

Coryneine, pharm. effect 277. 
Corypalline 267. 

Cotton seed oil 4, 15, 17, 20, 55, 64. 
Cotton seed oil, absorption 24, 26. 
Cotton seed, proteins 294. 

Counter current distribution (fatty acids) 

6 . 

Creosol 113, 114. 
o-Cresol 113. 

^-Cresoh 136. 

Crisco (fat) 20, 

Crisco, absorption 24. 

Crocodile no. 

Crocodilus vulgaris no. 

Crossarchus obscurus 93. 

Crotonic acid 4. 

Croton oil 4. 

I Crucianella maritima 189. 

I Cruciferae oils 4. 
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Cryptoxanthin 52. 

Cr37stallization from solvents (fatty acids) 

4 - 

Cucumber seeds, proteins 293. 

Cupuassu fat 15. 

Cusimanse 93. 

Cyclisation 99. 

Cyclo-c6to-9-heptad6canediol-i, 17 105. 
Cyclo-c6to-9-heptad^canolone-i, 17 105. 
Cyclo-eicosane, modMe mol6culaire 98. 
Cyclo-heptaddcane-dione-i ,9 141. 
Cyclo-heptad6canol 107. 
Cyclo-heptad^canone 98, 107. 
Cyclo-nonad6canone 108. 

Cyclo-octanone 97. 

Cyclo-pen tad^canol 107. 

Cyclo-pen tad^canolone 103. 
Cyclo-pentad^canone 97, 98, 107. 

Cy clo-penta-d(Sc6ne-2 -md thy 1 -1 -ol-1 102, 

103. 

Cyclo-pentad<Scfene-2-one-i 102. 
i3-(2-Cyclopentenyl)-w-tridecanoic acid 
29. 

Cyclo-polymdthyl^jne-cdtol-1,2 102. 
Cyclo-trid6canone 108. 

Cynodontin 164. 

Cystine 292, 293, 302. 

Cystine, fluorescence 324. 

Cytisus scoparius 256, 
Cytochrom-oxydase 206. 

Cytoplasm 296. 

Cytoplasmic protein 297, 298, 301. 
Cytoplasmic protein, amino acids 302. 
Cytoplasmic protein, electrophoresis 304. 
Cytoplasmic protein, fractions 302. 
C)rtoplasmic protein, scanning pattern 

302- 

Cytoplasmic proteins and virus formation 
304 - 

Cytosine, fluorescence 326. 

Dacrydium biformae 127. 

Dactylis glomerata 302. 

Daman 142. 

Deer (fat) 17. 

D4canone-2 no. 

7-Dehydrocholesterol 54. 

Dehydrogenase 207, 303. 
D^polym^risation 99. 

D6riv^ de Tindol, fluorescence 336. 
D 4 riv 6 s d'ionone (castor^um) 117. 
Dermatitis 35. 


Dermocybe sanguinea 163, 165, 168. 
Dermocybin 165. 

Desman no. 

Desoxy-corticosteirone, fluorescence 320. 
8-D6soxy-leucopt6rine 327. 

Dextrine, fluorescence 313. 
Diacetyl-indoxyle 336. 

Diac^tyl-laccol, fluorescence 336. 
Diacetyl-mor( 5 acol, fluorescence 336. 
dx-to-Dibromoddeane 100. 

Dicetones macrocycliques 101. 
Dic6to-pip6razine, fluorescence 346. 
Dichinon aus Boletol 168. 

2.3- Dichlor-i ,4-naphthochinon 208. 
Dichlororthymochinon 204. 
Dicotyledonous plants, seed proteins 293. 
Dicotyles iorquaius no. 

Digestibility, fats 14, 16, 19, 21. 
Digestibility coefficients (fats) 15, 16, 

17. 20, 21. 

Digestibility, oleomargarine 18. 
Digestibility, polymerized oils 18. 
Dihydro -agnos terol 123. 

Dihydro-civettol 107, 108. 
Dihydro-civettone 94, 98, 107. 
Dihydro-ergosterol 54. 

Dihydro-ionol-/^? 132. 

Dihydro-(X-ionone 125- 
Dihydro-y-ionone 124, 125. 
Dihydro-lanost^rol 123. 

Dihydroxy-2,4'-benzoph^none 116. 
Dihydroxy-4,4'-dibenzo-a-pyrone 114, 

116. 

Dihydroxy-2,4'-diph6nylm6thane 114, 

116. 

3.4- Dihydroxy-phenylalanine 271. 

3:4-Dihydroxy-/5-phenylethylamine 253, 
256. 

3:4-Dihydroxy-j8-phenylethyl-trimethyl* 
ammonium hydroxide 257. 
Dihydroxy-stearic acid 38. 

Dika 3. 

2.6- Dimethoxy-benzochinon 175, 202. 

2.6- Dimethoxy-;p-benzochinon 180. 

3.5- Dimethoxy-toluchinon 202, 203. 
Dimethyl-1,3-cyclotrid4canone-2 99. 
5,5'-Dimethyl-diben20chinon 166. 
Dim6thyl-2,6-heptfene-2-ol-7 120. 
Dim 4 thyl-laccol, fluorescence 335, 336. 
Dimethyl-mezcaline 257. 
N-Dimethyl*mezcatine 259. 
Dim 4 thyl-i, 6 -naphta]^ne 126. 
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Dim^thyl-/>-oxyph6nyl-^thylamine, fluor¬ 
escence 325. 

1.6- Pimethyl-9, lo-phenanthrenchinon 
210. 

3:4-Dimethyl-3:4:5:6-tetrahydro-4-carb- 
oline 252. 

5.8- Dimethyl-tocol 54. 

7.8- Dimethyl-tocol 54. 

Diospyros-hxiQn 182. 
9,12-Dioxido-octadecanoic acid 28. 
Dioxido-stearic acid 28. 

Dioxindol, fluorescence 337. 
Dioxo-2.i5-hexad^can6 100, loi. 

I, 3-Dioxy-6-methyl-anthrachinon 187. 
Dioxy-phenylalanin 192. 
/-3,4-Dioxy-phenylalanin 195. 

2.6- Dioxy-pyriinidine 326. 

Displacement analysis (fatty acids) 5. 
Distearo-monoolein, digestibility 22. 
Docosahexaenoic acid 28. 
4,8,12,15,19-Docosapentaenoic acid 4, 29. 
13-Docosenoic acid 4, 28. 
Dod6cam6thyl6ne-ot, a>-dimethyl-dic6tone 

100. 

Dolichotele uheriformis 249. 

Domaines d'excitation de fluorescence 
34 <^- 

Dopa 192, 195. 

Dopachinon 192, 194, 195. 

Drogues animales 90. 

Drosera rotundifolia 182. 

Drosem whittackeri 182. 

Droseron 182. 

Dunnion 176, 184, 

Dynamic effect (nutrient combinations) 
43- 

'EJberihella typhosa 157. 

Echinocactus lewinii 247. 

Echinocactus myriostigma 249. 
Echinocactus visnaga 249. 

Echinocereus mamillosus 249. 
Echinochrome X96. 

Echinochrom A 197, 198. 

Echinochrom A, Wirkung 197. 
Echinochrom-Simplex 197. 

Echinopsis eyriesii 250. 
ficorces 113. 

Edestin 293. 
figagropiles 131. 

Egg yolk (fat) 16. 

II, 14-Eicosadienoic acid 29. 


5,8,11,14-Eicosatetraenoic acid 4, 28. 
Elaeostearic acid 4. 

Elaidic acid 4, 21, 28, 38. 
Electrophoresis (leaf virus) 305. 

Eledone moschata 110, 129, 

Elemicine 258, 274. 
a-Eleostearic acid 28. 

Elm 3. 

Embelia rihes 181. 

Embelin 181. 

I Embelsaure 181. 

Emodin-hexosid 188. 
Emodinrhamno-glucosicl 188. 
Emodin-rhamnosid 188. 

Emodinsaure 162. 

Emulsification and digestibility (fats) 22. 
Endococcin 173. 

Endocrocin 174. 

Endosperm, proteins 291. 

English walnut (fat) 15. 

Enzyme system (Hill reaction) 301. 
l£picoprost6rol 121, 122, 123. 
Epinephelus analogus 53. 

Epinin 276. 

Epiphyllum ackermannii 249. 
fiquilenine, fluorescence 321. 
fiquiline, fluorescence 320, 321. 
Ergostadiene-triol 319. 

Ergosterol 54, 316, 318. 

\ Eriosoma lanigera 201, 341. 

Erucic acid 4, 13, 28. 

Erythroglaucin 165. 

Erythrolaccin 200. 

Escargot no. 

Escherichia coli 157. 

Escorc^ine, fluorescence 313, 314. 

Ester d'alcool benzylique 114. 

Ester d’alcool c6rylique 114. 

Ester ct)-bromo-j5-c6tonique 100. 
Essential fatty acids 14, 26, 27, 56. 
Essential fatty acids and eczema 31. 
Essential fatty acids, requirement 30. 
Essential oils, related to isoquinolines 274. 

ther monom^thylique du b^tulig^ol 115. 
jfither monom^thylique d’hydroquinone 
114. 

^thyl^ne-c^tal du cycloc6to-9-h^pta* 
d4can6diol-i,i7 105. 

fithylfene-c^tal de la cycloc6to-9-h^pta- 
d^canolone-1,17 105. 
l^thyl-gaiacol 114. 
o-]^thylph^ol 113. 
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/i>-fithylph6nol 113. 114, 115, 135. 
6thyl-pyrocat6chol 114. 
Etio-cholan-one-3 139. 
J^*-^tio-chol6ne-oI-3 139. 
Ji*-Etio-chol^ne-ol-3-a 139. 
Ji*-Etio-cholfene-ol-3>/3 138. 

A ^•-fitiO“Chol4ne-one-3 139. 

Eugenol 274. 

Even-chained fatty acids, absorption 25. 
Even distribution (fatty acids) 7, 8, 52. 
Exaltol 108. 

Exaltolide 96, 97, 98- 
Exaltone 89, 97, 98, 107. 

Excema and fatty acids 31. 

Excitation des fluorescences 345. 

Fagopyrin 179. 

Fagopyrismus 179. 

Fallacin 173. 

Farn^sal 130. 

Fam6sylidfene-ac(Hone 130. 

Fasciolaria trapezium no. 

Fat absorption and adrenalectomy 25. 
Fat absorption (pathological) 25. 

Fats, biochemical and nutritional aspects 

I. 

Fat, comparative digestibility 57. 

Fat composition 2. 

Fat, digestibility 14, 21. 

Fat, functions 14. 

Fat, ihtroduced parenterally 23. 

Fats, nutritional evaluation 14. 

Fats, nutritional value 51. 

Fat, protein-sparing action 39, 

Fats, rate of absorption 23. 

Fat, unsaturated acid content. 54. 

Fat, vitamin E content 55. 

Fat, vitamin sparing action 32. 

Fat, working capacity and survival 47. 
Fat as antith3rrotoxic agent 49. 

Fat and biotin 36. 

Fats and fat-soluble vitamins 38. 

Fat and folic acid 36. 

Fat and forced activity 48. 

Fat and growth 43. 

Fat and lactation 45, 63. 

Fat and niacin 36. 

Fat and nitrogen excretion 40. 

Fat and pantothenic acid 34. 

Fat and pregnancy 45, 63. 

Fat and protein metabolism 39, 41. 
Fat and pyridoxine 35. 


Fat and riboflavin 34. 

Fat and sexual maturity 45. 

Fat and specific dynamic action 41. 

Fat and swimming test 47. 

Fat-soluble vitamins 10. 

Fat-soluble vitamins and fats 38. 

Fat-vitamin interrelationship 32. 

Fatty acids, counter current distribution 

6 . 

Fatty acids, chromatography 5. 

Fatty acids, crystallization 4. 

Fatty acids, digestibility 21. 

Fatty acids, distillation 5. 

Fatty acids, estimation 4. 

Fatty acids, Raman spectroscopy 6. 
Fatty acids, spectroscopy 6. 

F^ces 142. 

FEULGEN-Test 211. 

Fish fat 16. 

Flavoglaucin 161, 167. 

Flechten-chinone 173. 

Fliegenpilz 160. 

Fluorine 116. 

Fluorescence 311. 

Fluorescence par' excitation avec les 
rayons du radium 348, 349. 
Fluorescyanine 327. 

Fluorochrome, fluorescence 332. 

Foies, fluorescence 344. 

Folia Sennae 177. 

Folic acid and fat 36. 

Fourmilier no. 

Fourmis 89. 

^Fraction I** protein 303. 

„Fraction IF’ protein 303. 

Fractional distillation (fatty acids) 5. 
Fran^ula-emodm 163, 168, 172, 177, 188. 
Fra«gM/a-emodin-anthranoI 169. 
Frangulin 188. 

Fructus Rhamnis catharticae 177. 
Fumarase 303. 

Fumigatin 158, 166, 171, 202. 

Fungizide Wirkung (Chinone) 208. 
Funiculosin 168. 

Furchung des Tubifex-Eies, Blockierung 
durch Chinone 210. 

Furet-blaireau no. 

Fusaria 167. 

Fusarium javanicum 161, 162, 203. 
Fusarium Hni 221, 222. 

Fusarium solani 162, 221. 

Fuscin 170. 
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Gadus morrhua 52, 54. 

Gaiacol 113, 114. 

Galeorhinus zyopterus 53. 

Galiosin 189. 

Oalium mollugo 189. 

Galium verum 186, 189. 

Gamone 196. 

Gasparinia elegans 174. 

Gecko, glandes odorantes iii. 

Geeldikop 179. 

Gelatine, fluorescence 324. 

Genet 93. 

Genetta vulgaris 93. 

Gentisinalkohol 161, 167. 

Gentisinchinon 158. 

Gentisins^ure 160. 

Gigariina agardhii 339. 

Gigariina radula 339, 

Glandes ei muse, constituants 91. 
Glandes k parfum 91. 

Glandes s^bac^es, capacit6s synthetiques 
119. 

Glandes s6bacdes, excretions 91. 
Glaucoma pyriformis 213. 

Gliadin 291. 

Gliadin, amino acid composition 292. 
Gliadin, fractions 292. 

Globulines, crystalline 293. 

Glouton 142. 

Glucides, fluorescence 313. 
Glucochrysaron 188. 

Glucofrangulin 188. 

Glucosides, fluorescence 313. 

Glutamic acid 292, 302. 

Glutelin 291, 293. 

Gluten 291. 

Glutenin 291. 

Glutenin, amino acid composition 292. 
Glutenin, fractions 292. 

Glycerol ether ii. 

Glycine 292. 

Glycine, fluorescence 324. 

Glykolyse, EinfiuB von Chinonen 221. 
Goat's butter 16. 

Gonepteryx rhamni 329. 

Goose fat 16. 

Graebeit 156. 

Graisse de laine 118. 

Gramine 273. 

Grana (chloroplastic material) 300. 
Grands cycles 96. 

<Grands cycles, chimie 93. 


Grapefruit seed fat 56. 

Grapeseed fat 56. 

Green leaf proteins, location 296. 
Grdnhartin 183. 

Growth in rats (oleomargarine) 59. 
Growth tests (fats) 57. 

Griinherzholz 183. 

Guanine, fluorescence 326. 

Gulo luscus 142. 

Gymnocalycium gibbosum 250, 257. 
Gymnocalycium multiflorum 250. 
Gynogamone 196. 

Gyps fulvus no. 

Hackberry tree seed oil 55, 56. 
Haematomma porphyrium 173. 

Haleine de bismuth 112. 

Halibut liver oil, absorption 24. 
Hallachrom 194. 195. 

Holla parthenopea 194. 

Hamoglobin und Chinon 214. 
Hardpalate fat 16. 

Hefefett und Chinone 222. 
Hefeproteinase, Hemmung durch Chinone 
219. 

HelicHs moschata no. 

Helminthosporin 163. 

Helminthosporium 167. 

Helminthosporium catenarium 163. 
Helminthosporium cynodontis 163, 164. 
Helminthosporium euchlenae 164. 
Helminthosporium gramineum 163. 
Helminthosporium leersii 169. 
Helminthosporium tritici-vulgaris 163, 165. 
Helminthosporium velutinum 163. 
Hdmatoporphyrine, fluorescence 349. 
Hempseed oil 15, 55, 56. 

Henna 181. 

Hermidium alipes 256. 

Heterocentrotus mammilatus 199. 

H^t^roflores 347. 
H^xad6cam6thylfene-imine 105. 
Hexadecenyl alcohol 12. 

Hexadecyl alcohol 12. 

9,10,12,13,15, i6-Hexahydroxy-octadeca- 
noic acid 28. 

Hexahydroxy “Stearic acids 28. 

Hibiscus abelmoschus 96. 

Hickory nut fat 15. 

Hippopotame, glandes odorantes no. 
Histidine 292, 293, 302. 

Histidine, fluorescence 324. 
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Hoelit 155. 

Hdhere Pflanzen, Chinone 173, 180. 
Homoflores 347. 

Hordenine 248, 254, 269, 273. 
Hord^nine, fluorescence 325. 

Hordenine, pharm. effect 276. 

Hordeum sativum 254. 

Hormones sexuelles (muse) 92. 
Hormones sexuelles. fluorescence 321. 
Hormones surr^nales, fluorescence 320. 
Horse fat 16. 

Htihnerherz-Fibroblast 209. 

Hydnocystis arenaria 89. 

Hydnum ferrugineum 166. 
Hydrocarbones, fluorescence 313. 
Hydrochinon 214. 

Hydrocotamine 267. 

Hydrogenated cottonseed oil 19. 
Hydrogenated fats 4, 17. 

Hydrogenated perilla oil 19. 
Hydrohydrastinine 267. 

Hydrolapachol 204. 

Hydroquinone 114, 115. 

Hydroquinone, 6ther raonom^thylique 114. 
/>-Hydroxy-ac6toph^none 114, 115. 
Hydroxy-candicine 257. 
Hydroxy-dihydro-ionol-/^^ 132. 
Hydroxy-dihydro-ionone-^ 132. 

Hydroxy-ionol-)? 132. 

Hydroxy-ionone-^ 132. 
i2-HydTOxy>9>octadecenoic acid 28. 
^-Hydroxyph^nyl-1-butan-3-ol 116. 

^-Hydroxy-/?-phenylethylamine 253. 
/>-Hydroxy-/?-phenylethyl-dimethylamine 
254- 

Hydroxy-proline 292. 

2- Hydroxy-pt6rines 330. 
m-Hydroxy-5-t^trahydro-ionol 114, 115. 
Hydroxy-tyramine 276. 

3- Hydroxy-tyramine 256. 

Hymenorhodin 173. 

Hypericin 169, 174, 178, 191, 

Hyp4ricine, fluorescence 340, 342. . ! 

Hypericum perforatum 178, 191. ' 

Hyperizismus 178. 

Hypertensinase 220. 

H3rpoxanthine, fluorescence 326. 
Hyrac^um 142. 

Hyrac^um, constituants 143. 

Hyrax 142. 

Hyrax capensis 142. 
Hystazarin-mono-methyl&ther 186. 


Ichtyopt^rine 319, 327. 

Ichtyopt^rine, fluorescence 327. 
Impatiens balsamina 182. 

Indian civet 93. 

Indole alkaloids, biogenesis 274. 
Indole-acetic acid 303. 

Indol-o-chinon 195. 

Indoles, related to tyrosines 273. 
Inosite, fluorescence 313. 

Insectes, odorat 88. 

Insectes, substances odorantes 144. 
Insoluble seed proteins 294. 

Ionol-j5 132. 

y?-Ionylid^ne-ac6tald6hyde 129. 

Iridaea 339. 

Ishinagi 53. 

Islandicin 164, 168. 

Iso-aiuylamine 89. 

Iso-barbaloin 187. 

Iso-cotarnic acid 264. 

Iso-emodine 178. 

Iso-leucine 292, 293. 

Iso-linusic acid 28. 

Iso-naphthazarin 214. 

Iso-quinoline bases from Anhaloniunt 
lewinii, structure 262. 

Isoquinolines, biosynthesis 272. 

Istizin 177. 

Japanese mustard seed (fat) 15. 

Japanese sardine oil 4. 

Japan wax 3. 

Java almond (fat) 15. 

Javan civet 93. 

Javanicin 161, 167, 203. 

Johanniskraut 178. 

Juglandaceae 181. 

Juglon 181, 198. 

Julus terrestris 193. 

Kangourou musqu6 110. 
Kartoffelscheiben, oxydierende Wirkung 
193- 

Katalase 206. 

Katalase, Hemmung dutch Chinon 220. 
Kermess&ure 200. 

Keto-adrenochrom 196. 

Kid fat 16. 

Klippschliefer 142, 

Kojis^lure 171. 

Kombo 3. 

Krapp 177. 
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LaccainsSlure 200. 

Laccol, fluorescence 335, 336. 

Lac-dye 200. 

Lactobacillus arabinosus 37, 38. 
Lactobacillus casei 36, 37. 

Lactones macrocycliques, odeur 107. 
Lampyrine, fluorescence 343. 

Lanigerin 201. 

Lanig6rine, fluorescence 341, 342. 
Lanost^rol 123. 

Lapachoholz 183. 

Lapachol 176, 183. 

Lard (fat) 16, 20, 55. 

Lard, absorption 24. 

Lathyrismus 179. 

Laudanosine 271. 

Laurel oil 3. 

Laurie acid 3, 13. 

Lawson 181, 214. 

Lawsonia alba 181. 

Leaf proteins, preparation 295. 
Lecanium ilicis 200. 
a-Lecithin 10. 

/^-Lecithin 10, 

Lepidium sativum 213. 

Ldpidoptferes, corps odorants 88. 
Leptocladine 252. 

Leucine 292, 293. 

Leuco-adr6nochrome, fluorescence 333. 
Leuco-pt^rine, fluorescence 328, 329. 
Leucosin 291. 

Ldvulose, fluorescence 313. 

Lizard, glandes odorantes iii. 

Lignin, biogenesis 275. 

Lignoceric acid 3. 

Linoleate in blood serum 31. 

Linoleic acid 4, 12, 27, 28, 38. 
9,n-Linoleic acid 28. 

Linoleic acid and pyridoxine deficiency 35. 
Linolelaidic acid 28. 

Linolenic acid 4, 12, 27, 28, 38. 

Linoleyl alcohol 28, 

Linseed oil 4, 55, 56. 

Linseed oil, absorption 24. 

Linusic acid 28. 

Lipositol 10. 

Lithium-dthyl-aniline 99. 

Lithospermon erythrorhizon 183. 

Living rock 248. 

Lobaria veHgera 175. 

Lomatia-Axten 183. 

Lomatiol 183. 


Lophocereus schottii 250. 

Lophophora williamsii 247, 261. 
Lophophorine 248, 260, 262, 264. 
Lophophorine, pharm. effect 279. 
Low-temperature crystallization 7. 
Luteoleersin 169. 

Luziferin 208. 

Lysine 292, 293, 302. 

Lysine, fluorescence 324, 

Mackerel 52. 

Maesachinon 181. 

Maesa japonica 181. 

Maltose, fluorescence 313. 

Mammif^res, odorat 90. 

Mammiferes, s^cr^tions et excretions 
odorantes 143. 

Mamillaria centricirrha 249. 
Mammillaria uberiformis 249. 

Mangona shark liver oil 55. 

Mangue 93. 

Mannitol J14, 115. 

Mannose, fluorescence 313. 

Manool 124, 127. 

Margarine 20, 64. 

Margarine fat, absorption 24, 

Margarine, nutritional value Oo. 

Martre no. 

Mdeanismes biochimiques (ambre gris) 
144. 

Mecanismes biochimiques (castoreum) 
144. 

Mdeanismes biochimiques (civette) 144. 
Mecanismes biochimiques (muse) 144. 
Melanin 192, 194, 195, 269. 
Melaninbildung 196. 

Meles males no. 

Mellein 171. 

Melon seed (fat) 15. 

Mephitis mephitis nigra in. 

Mephitis nigra in. 

Mercaptan 112. 

Mescal 4?uttons 245, 247, 257, 259, 262. 
M^soporphyrine 128. 

Meth&moglobin 214. 

Methionine 292, 293, 302. 
/>-Mdthoxy-ac^toph^none 114. 
Methoxy-benzochinon 214. 
2«Methoxy-i,4-naphthochinon 182. 
rf,/-^-M^thoxy-phenyl-i-butanol-3 116. 
O-Methyl-anhalamine 261, 263. 
N-Methyl-anhalamine 261, 264. 
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0-Methyl>anhalonidine 248. 
O-Methyl-d-anhalonidine 260, 267. 
N-Methyl-anhalonidine 261. 
N-Methyl-/-anhalanine 262. 
M^thyl-3-androstanol-3-a 140. 
M^thyl-3-androstanol-3-^ 140, 141. 
Methyl-17-androstanol-3-ot 140, 141. 
Methyl-17-androstanol-3-/3 140, 141. 
M6thyl-i7-androstanone-3 140, 141. 
2-Methyl-anthrachinone in Pilzen 167. 
M^thyl-b^tulig6nol 116. 
O-Methyl-candicine 255. 
20-M6thyl-cholanthr^ne, fluorescence 316. 
Methyl-1 -cyclopentad6canone-2 99. 
a-M6thy l-cyclopentad^canone 103, 
y-M6thyl-cyclopentad^canone 103. 
/J-M6thyl-cyclopentad6c6none 100, 101. 
2-Methyl-6:7-dimethoxy-tetrahydroiso- 
quinoline 267. 

M^thyl^ne-i7-androstanone-3 140, 141. 
Methyl-eugenol 274. 

MfSthyl-glucose, fluorescence 313. 
0-Methyl-hordenine 254. 

N-Methyl-hydroxytyramine 2 76. 

1 -Methyl-7-isopropyl-9, i o-phenanthren- 

chinon 210, 

O-Methyl-salsoline 266. 
2-Methyl-6-methoxy-7-ethoxy-tetrahydro- 
isoquinoline 267. 

N-Methyl-mezcaline 247, 259. 

2 -Methy 1-naphthochinon 211. 
2-Methyl-i,4-naphthochinon 223. 

2 -Methyl-1,4-naphthochinon, Mitose- 

hemmung 211. 

2-Methyl-i,4-naphthohydrochinon- 
diphosphat 211. 

Methyl oleate 38. 
4-M6thyl-5-oxy4thyl-2-chlorthiazol, 
photod^riv^ 332. 

4-M^thyl-5-oxy6thyl-thiazol, photod^riv^ 
332 - 

O-Methyl-pellotine iodide 262. 
N-Methyl-/3-phenylethylamine 252, 273. 
M6thyl-pyrocat6chol 114. 
M^thyl-testost6rone, fluorescence 320. 
8-Methyl-tocol 54. 

N-Methyl-tryptamine 252, 273. 
N-Methyl-tyramine 276. 
0-Methyl-tyramine-N*methylcinnamide 
2S6, 

Mezcaline 246^ 247, 248, 257* 258, 27X. 
Mescaline, pharm. effect 277. 


Mezcaline, synthesis 258. 

Microsporon andouini 119. 

Milk cream (fat) 16. 

Milk fat 3. 

Mimulus 53. 

Mistletoe 252, 253. 
c-Mitose 211. 

Mitose-hemmende Stoffe 209. 

Mixed triglycerides 6. 

Monarda fistula 180. 
Monoac^tyl-indoxyle 336. 

Monoflores 346. 

Monolinia fructicola 208, 220. 
Monom^thyl-octad^cane 121. 
Monostearo-diolein, digestibility 22. 
Mor^acol, fluorescence 336. 

Morinda-Arten 187. 

Morinda ciirifolia 177, 185, 186, 190. 
Morindadiol 177. 

Morinda longiflora 185, 186, 190. 
Morinda umhellata 178, 187, 190. 
Morindin 187. 

Morindon 187. 

Morindon-2-hexosid 187. 

Morphine, fluorescence 333. 

Moschus moschiferus 91. 92. 
Moschusratte 108. 

Moschustier 92. 

Moufette in. 

Moufette d'Amdrique du Nord in. 
Mouton, odeur 118. 

Multi-generation test 64. 

Munjistin 189. 

Murex trunculus 112. 

Muscopyridine 92. 

Muse 90. 91. 

Muse am^ricain 106. 

Muse am^ricain, glandes 106. 
Muscaruffin 160, 167. 

Muse Baur 96. 

Muse deer 92. 

Musc^one 100. 

Muscone 91. 94. 95. 96. 98. 102. 103. 
Muscone, biosynthfese 100, 109. 
Muscone rac^mique 103. 

Muacone. synth^e 98. 

Muscopyridine zi8. 

Muse rat loS. 

Muse xylene 96. 

Mustela foina no. 

Must^d^s. substances soufr^ in. 
Mutagene Effekte (Chinone) 212. 
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Mutton (fat) 17. 

Mutton tallow 20. 

Mycobacterium phlei 223. 

Mycobacterium tuberculosis 157. 

Mydaiis iii. 

Mydaus marchei iii. 

Myogal moschatus no. 

Myristic acid 3. 13. 

Myristicine 274. 

Myrmecophaga tetradactyla no. 

Naphthazarin 214. 

Naphthazarin, EinfluO auf Fusarium 22 1. 
Naphthochinone bakteriellen Ursprungs 

156. 

Naphthochinone, biochemischer Antago- 
nismus 223. 

Naphthochinone in Pilzen 167. 
Naphthochinone, Wirkung auf Enzyme 
206. 

1.2- Naphthochinon 214. 

1.2- Naphthochinonc in hoheren Pflanzen 

173. 

1,4-Naphthochinone in Tieren 196. 
1,4-Naphthochinone in hoheren Pflanzen 
173- 

1.2- Naphthochinon-4-sulfonsaure 213. 
Naphthopurpurin 198. 

Natalo-emodin 178. 

Neats foot (fat) 20. 

Neomamillaria magnimamma 249. 
Neophromin 173. 

Neophromium lusitanicum 173. 
Neothunnus macropterus 52, 54. 
Nephromopsis endocrocea 174. 

Neurospora crassa 170. 

Niacin and fat 36. 

Niam 3. 

Nicotylamide, fluorescence 337. 

Nitrogen minimum 40. 
a)“Nitro*3:4:5-trimethoxystyrene 258. 
lo.xs-Nonadecadienoic acid 29. 
Non-solvent crystallization (fatty acids) 4. 
N(^y-adrenaline 276. 

Nor-camegine 265. 

Nw'-laudanosine 271. 
i^iyy-mucsol 108. 

N^-muscone 107. 

Nor^phytane 121. 

Nutmeg butter 3. 

Nutritional values (fats) 64. | 

Fovtschritte d. Cbem. ocg. Naturtt. VI. 


9,11 -Octadecadienoic acid 28. 

9.12- Octadecadienoic acid 4, 28. 
/yaws-9-fra«s-12“Octadecadienoic acid 28. 

9.12- Octadecadienol 28. 
9,n,i3-Octadecatrienoic acid 4, 28. 
9,12,15-Octadecatrienoic acid 4, 28. 
6“Octadecenoic acid 4. 
ciS“9-Octadecenoic acid 4, 28. 
f»'a«s-9-Octadecenoic acid 4, 28. 
ii-Octadecenoic acid 61. 

j 2-Octadecenoic acid 28. 

Octodecenyl alcohol 12. 

Octodecyl alcohol 12. 

Odd-carbon fatty acids 13. 

Odd-chain fatty acids, absorption 25. 
Odeurs de substances macrocycliques 107. 
Odeur d'urine 139. 

Odeurs et parfums des animaux 87. 
Odeur, influence de groupes methyles 
340. 

Odeur musquee (substances macro- 
cycliques) lOO. 

Odeur, r61e 88. 

Oestradiol, fluorescence 320, 321. 
ji,8,6,ie.Oestrat^trafene-ol-3 139. 
Ji|8.6-Oestratri6ne“Ol“3 139. 

Oestrone, fluorescence 320, 321. 
Oidiodendron fuscum 170. 

Oil of Ben 3. 

Oldenlandia umbellaia 185, 186, 190. 
Oleate de cholesterol 114. 

Oleic acid 4, 21, 28, 38. 
i2“01eic acid 28. 

Oleic acid amide 38. 

Oleic acid, biotin-like effect 37, 38. 

Oleo oil 16, 55. 

Oleomargarine, digestibility 18. 
Oleostearin 17. 

Oleo stock (fat) 20. 

Oleracea chloroplastic 302. 

Oleyl alcohol 38. 

2-Oleyldipalmitin 7. 

Olive oil 15. 20, 55. 56. 

Olive oil, absorption 24, 

Ondatra zibethica 108. 

Ondatra zibethicus rivalicius 106. 

Oospora colorans 159. 

Oospora sulfurea-ochracea 172. 

Oosporein 159, 160, i66. 

Opium wax 3. 

Optimum fat level 50. 

Opuntia vulgaris 249. 


25 
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Organisme humain» substances soufrees 
malodorantes ii2. 

Orthochinone in Invertebraten 194. 
Ovihos moschatus no. 

Ox marrow (fat) 16. 

Ox tail (fat) 16. 

Oxadroseron 182. 

Oxo-adrenochrom 196. 
j9-Oxy-an thrachinon 185. 

2-Oxy-3-alkylnaphthochinon 204. 
Oxy-chol^st^rol 319. 
co-Oxy-emodin 164, 172. 
co-Oxy-6modine, fluorescence 343. 
Oxy-javanicin 162, 167. 
2-Oxy-3-{2'*methyloctyl) -1,4-naphthochi- 
non 213. 

5“Oxy-i,4-naphthochinon 198. 
Oxy-penicilliopsin 169. 
Oxy-p^nicUliopsine, fluorescence 340, 342. 
/>-Oxy-ph6nyl^thylamine, fluorescence 

325- 

Pachycereus marginatus 250, 269. 
Palmitic acid 3, 21. 
2-Palmityl-oleostearin 7, 

Palm kernel oil 3, 15. 

Palm nut oils 3. 

Palm oil 55, 56. 

Panicum miliaceum 254. 

Pankreas-lipase 218. 

Pantothenic acid and fat 34. 

Papain, Hemmung durch Chinon 219. 
Paracentrotus Uvidus 199. 

Paradoxurus typus 93. 

Parietin 174. 

Partial random distribution (fatty acids) 8. 
Patulin 171. 

Pausinystalia yohimhe 334. 

Paxillus cUfomentosus 160, 167, 

Peach kernel (fat) 15. 

Pea cotyledon, proteins 294, 

Pea, proteins 294. 

Peanut fat 15, 17, 20, 55, 56. 

Peanut oil 3, 64. 

Peanut proteins 294. 

Pecan fat 15, 55. 

P^cari no. 

Pectenine 246, 248. 

Pelargonic acid 38. 

Pellote 247, 257, 278. 

Pellote inebriation 278. 

Pellotine 248, 260, 262, 262, 263. 


Pellotine, pharm. effect 279. 

P^nicilline, fluorescence 344. 
Penicilliopsin 169. 

P^nicilliopsine, fluorescence 340. 
Penicilliopsis clavariaeformis 169. 
Penicillium 167. 

Penicillium carmino-violaceum 165, 168. 
Penicillium cinerascens 158. 

Penicillium ciinnum 159. 

Penicillium citro-roseum 164, 343. 
Penicillium cyclopium 162, 164. 
Penicillium funiculosum 168. 

Penicillium griseo-fulvum 160. 
Penicillium islandicum 163, 164, 168. 
Penicillium patulum 161, 167. 
Penicillium phoeniceum 159. 

Penicillium ruhrum 159, 166. 

Penicillium spinulosum 158. 

Penicillium urticae 158, 161. 

Penicillium urticae (chinhydronartige 
Substanz) 167. 

Pentaddcanolactone 96. 

Pentad^canolide 99. 
3,5,7,3',4'-Pentaoxyflavone-3-rutinoside 

315. 

Perezon 175, 180. 

Perilla fat 20. 

Perilla seed fat 56. 

Peroxidase 303. 

Petroselenic acid 4. 

Peyote 244, 245, 247. 

Peyotl 247. 

Peziza aeroginosa 169. 

Pharmacological effect, cactus alkaloids 
276. 

Phaseolus multiflorus 302. 
2,7-Phenanthrenchinon 169. 

9,1 o-Phenanthrenchinon 210. 
Phenanthrenchinone in hdheren Pflanzen 
178. 

Phenanthrenchinon, Wirkung 213. 
Phenol-Chinonsysteme 192. 
Phenol-Chinonsysteme in Pflanzen 192. 
Phenols (urine de Jument gravide) 135. 
! Phenols volatils (castor^um) 115. 
j Phenylalanine 292, 293. 

I Phenylalanine, bio-conversion 269. 
Phenylalanine, labelled 269. 
jS-Phenylethylamine 252, 268, 269, 276. 
)5-Phenylethylamines, biosynthesis ^69. 
/3-Phenylethyl-methylamine 276. 
Phoenicin 159, 166, 171. 
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Phoma terrestris 166, 169. 

Phomazarin 166, 169. 

Phoradendron californicum 253. 
Phoradendron flavescens 253. 
Phoradendron villosum 253. 
Phosphatasen, Hemmung durch Chinone 
218. 

Phosphatides 4, ro. 
Phosphatidyl-ethanolamine 10. 
Phosphatidyl-serine 10. 

Phospholipids 10. 

Phosphorylase 301. 

Photinus marginellus 343. 
Photosensibilisierende Chinone 178. 
Phoxinus phoxinus 329. 

Phthiocol 156, 223. 

Phyllocactus a^kermannii 249. 
Phyllocactus russelianus 249. 
a-Phyllochinon 184. 

Physcia endococcina 173. 

Physcion 164, 168, 172, 173, 174, 190. 
Physcion-glucosid 190. 

Physeier macrocephalus 120, 121. 
2,6-Phytadienic acid 29. 

2-Phytenic acid 29, 

Phytoflufene, fluorescence 344. 
Phytofludnol, fluorescence 344. 

Pic^ol 115. 

Pieris brassicae 329. 

Pilocereine, pharm. effect 279. 

Pilocereus argentianus 250, 251. 
Pigments jaunes du castor^um 116. 
Pilz-chinone, Biosynthese 170. 
Pilz-chinone, P'unktion 172. 
Pilz-pigmente, genetische Gesichtspunkte 
170. 

Pilz-produkte, Bildungsweise 171, 172. 
Pimanthren-chinon 210. 

Pineus sfrobi 341. 

Piperidine 141. 

Pipitzahoinskure 180. 

Pistachio nut (fat) 56. 

Planaria gonocephala 213. 

Plant cell, diagrammatic representation 

296. 

Plant proteins 290. 

Plasmodium lophurae 204, 203. 
Plasmodium vivax 206. 

Plumbagin 182. 

Plwnbago-Axtexi 182. 

Podophyllin 211. 

Poissons, concretions 131. 


Polychrosis botrana 89. 

Polyflores 347. 

Polygonin 188. 

Polygonum-Arten 188, 190. 
Polyhydroxy-anthraquinones, fluor¬ 
escence 340. 

Polymerized oils, digestibility 18. 
Polyoxyethylene-sorbitan monooleate 22. 
Polyphenols, fluorescence 335, 336, 
Polyphenol-oxidase 301, 303. 

Polyploidie 211. 

Polyporskure 159, 167. 

Polyporus nidulans 159, 167. 

Poppy seed (fat) 15, 56. 

Populus balsamifera 178. 

Pork fat 13. 

Porphyrine 121. 

Porthetria dispar 89. 

Potorus no. 

Pottwal 121. 

Principe des grandes dilutions 98. 
Pristane 121. 

Procaria capensis 142. 

Pro-y-carotene 53. 

Prodenia Utura 89. 

Progesterone, fluorescence 321. 
Prolamines 293. 

Proline 292. 

Proline, fluorescence 324. 
/?-Propyl-phenol 114, 115, 136. 

Proteins (cereal seeds) 219. 

Proteins (cytoplasm) 301. 

Proteines, fluorescence 323. 

Proteins (leaves) 295. 

Protein metabolism and fat 39. 

Proteins of tissues other than leaves 306. 
Proteus vulgaris 156. 

Protides, fluorescence 323. 
Protocatechu-chinon 157, 194. 
Proto-porphyrine 128. 

Protoporphyrine magn^sienne 339. 
Provitamins A, bioeffect 53. 

Provitamin A in fat 52. 

Pseudocentroius depressus 199. 
Pseudomonas beijerinckii 156. 
Pseudopurpurin 189. 
Pseudopurpurin-primverosid 189. 
Pt^rines, fluorescence 327, 330, 331. 
Pumpkin seed (fat) 15. 

Pumpkin seeds, proteins 293. 
Purgierende Drogen 176. 

Purines, fluorescence 326. 


25* 
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Purpurin 185. 

Purpuroxanthin 185. 

Pyfocantha angustifolia 53. 

Pyridoxine 338. 

Pyridoxine du chlorhydrate, fluorescence 

338- 

Pyridoxine and fat 35. 

I^imidines, fluorescence 236. 
Pyrocatdchol 114, 115. 

Quaternary ammonium bases in Cacti 252. 
Quinine, fluorescence 333, 334. 

"Radix perziae i8o. 

Ralz diabdlica 245. 

Raman spectroscopy (fatty acids) 6. 
Rambutan tallow 3. 

Rancid lard, absorption 24, 

Rapeseed oil 3, 15, 20, 56. 

Rapeseed oil. absorption 24. 

Rasse 93. 

Rat d’Am(5rique 108. 

Rat, growth tests 57, 61, 62. 

Rat musqud d*Am<Srique 106. 

Rat, nitrogen excretion 40. 

Reaction de Fearon 326. 

Reaction de Hillmann 325. 

Reaction de Kleiner 322. 

Reaction de Kostir 326. 

Reaction de Miescher 322. 

Reaction de Pesez 322. 

Reaction de Rosenheim 319. 

Reaction de Salkowski 316. 

Ruction de Windaus 317. 

Red palm oil 53. 

Renard, glandes odorantes 110. 
Retencbinon 210. 

Rhabarberon 178, 189, 

Rhamnocathartin 188. 

Rhamnoxanthin 188. 
Rhamnoxanthin-hexosid 188. 
Rhamnus-Arten lyB, 187. 

Rhamnus purshianus 189. 

Rhein 177, 189. 

Rhein>glucosid 189. 

Rheochrysidin 174. 

Rheochrysin 190. 

Rheum-Axten 187, 188, 189, 190. 
Rheum-emodin 187, 

Rheum rhaponticum 178, 188. 

Rhipsaiis conferta 249. 

Rhipsalis teres 249. 


Rhizoma Rhei 177. 

Rhizopus oryxal 222. 

Rhodocladons&ure 174. 

Rhodophyscin 173. 

Rhus sp. 336. 

Riboflavin and fat 34. 

Rice bran fat 55. 

Ricinoleic acid 28. 

Ricinus communis 302. 

Ruberythrinsaure 177. 

Ruberythrinsaure, Synthese 177. 
Rubiadin 186. 

Rubiadin-glucosid 186. 
Rubiadin-monomethylather 190. 
Rubiadin-primverosid 186. 

Rubia munjista 185, 189. 

Rubia sikkimensis 185, 189. 

Rubia iinctorium 177, 185, 186, 189. 
Rue no. 

Rule of even distribution (fatty acids) 7. 
Rumex~Arte,n 168, 187, 188, 190. 
Ruminants, concretions 131. 

Ruta graveolens no, 315. 

Rutine, fluorescence 315. 

Safflower seed oil 55, 56. 

Saffrole 274. 

Saguaro 248. 

Salicaceae 178. 

Salicylate de benzyle 114. 

Salmon fat 20. 

Salsamine 266. 

Salsola richteri 246, 252, 266, 273. 
Salsolidine 266, 267. 

Salsoline 266. 

Salsoline, pharm. effect 279. 

Salvia miltiorrhiza 191. 

Salvia sclarea 127. 

Sambucus canadiensis 315. 

Sarcina lutea 156. 

Sarda chiliensis 33. 

Sardine oil 19. 

Sarothamnus scoparius 253, 256. 
Saturated fatty acids, in fats 3. 
Satumia pavonia SB, 

Schildlaus, Farbstoff 200. 
Schlummbergera russeliana 249^ 

Scission cetonique 100. 

Sclareol 124, 126, 127. 

Scomber scombrus 52. 

Sheradie^Axbtn 189. 

Shikonin 176, 183. 
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Shikonwurzel 183. 

Shortchain triglycerides, absorption 25. 
Silybum marianum 253. 

Simple triglycerides in fats 6, 7. 
Sitosterol 316. 
j?-Sitosterol ii. 

Skunk III. 

Skunks III. 

secretions musquees no. 

Seed globulins, amino acid composition 239. 
Seed globulins, enzymatic properties 295. 
Seed proteins (dicotyledonous plants) 293. 
Seeigelarten (Echinochrom) 197. 

Selachyl alcohol ii. 

Selachyl alcohol ester 12. 

Selenicereus grandiflorus 249. 

Semences d’angeiique 96. 

Semeocarpus vernicifera 336. 

Sennadrogen 177. 

Serine 292. 

Seriola dorsalis 52. 

Serf alia ntarcescens 157. 
Serum-cholinesterase 218. 
serum, fluorescence 349. 

Sesame fat 15, 55. 

Sesame seed fat 5O. 

Sesame oil 55. 

Soaps (in feces) 16. 

Solanion 162, 167, 221. 

Solorina crocea 175. 

SolorinsSLure 175. 

Soranjidiol 177. 

Soupfin 53. 

Soupfin shark liver oil 55. 

Southern prickly ash 256, 

Soybean (fat) 15, 20, 55, 56, 64. 
Soybean phosphatides 23. 

Soybean, proteins 294. 

Specific d3niamic effect 41, 42. 
Spectrochimie de fluorescence 311. 
Spectrofluorescence 345. 
Spectrofluoroscopie 312. 

Speisezwiebel 211, 212. 

Spermaceti 3. 

Sperm whale 121. 

Spezifische Gene 170. 

Sphaerophorus coraihides 173. 
Sphaerophorus fragilis 173. 

Sphyraena argenUa 52. 

Spinaoea cytoplasmic 302. 

Spinach 299. 

Spinach leaf* cellular constituents 298. 


Spinochrom A 199. 

Spinochrom Aka 199. 

Spinochrom F 199. 
spinochrom M 199. 

Spinon A 199. 

Spinulosin 158, 166, 167, 202. 

Squalene ii, 123. 

Squalus acanthias 329. 

Squash seeds, proteins 293. 

; Stachelfarbstoffe (Echinodermen) 198. 
Staphylococcus aureus 156, 157, 202, 203. 
Stearic acid 3, 21, 38. 

Stereolepis gigas 53. 

■ Stereolepis iskinagi 53. 

I St^roldes, fluorescence 319. 

St^roides odorants 137, 144. 

St^roides, rapport entre constitution et 
odeur 138. 

Steroldes et sulfate dim^thyliqiie 319. 
Sterol II. 

Sterols (ambre gris) 122. 

Sterols, fluorescence 315. 

Sietsonia coryne 246, 248, 252, 257. 
Stigmast^rol ii, 316. 

Streptocarpus dunnii 184. 

Streptomycine, fluorescence 344. 
Streptothrix chromogena 156. 

Streptothrix humifica 156. 

Strobinine, fluorescence 341. 
Strongylocentrotus 197. 

Strychnine, fluorescence 333. 

Strychnos bases, biogenesis 274. 
Substances macrocycliques 94. 
Substances macrocycliques, constitution 
et odour 106. 

Substances macrocycliques (rat musqu6) 
108. 

Substances macrocycliques v6g6tales 96. 
Substances odorantes de Turine de 
vert6br6s 131. 

Substances soufr^es malodorantes 112. 

I Suintine 118. 

I Suintin>, acides 119. 

Sulfure de dicrotyle 112. 

! Sulochrin 172. 

Sunflower seed (fat) 15, 56. 

Sweetpea 299. 

Swordfish 53, 54. 

Synthase biologique (muscone) 109. 

Taiguholz 183. 

Taigus&ure 183. 
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Tanshen 191. 

Tanshinon I 191. 

Tanshinon A 178. 

Tariric acid 4. 

Teakholz 186. 

Tea seed (fat) 15. 

Tectochinon 186. 

Tectona grandis 186. 

Tecumin 183. 

Teigne 119. 

Telephor a-Arten 166. 

Telephorsaure 166, 169, 175. 

Tellurium, d^riv^s methyl^s 112. 
Termites 89. 

Testosterone, fluorescence 320, 321. 
cis-Testost6rone, fluorescence 322. 
<ya«s-Testosterone, fluorescence 322. 
Tetracyclo-squaiene 126. 

Tetradecyl alcohol 12. 
Tetrahydro-harman 274. 
cis-Tdtrahydro-ionane 133, 134. 
Tetrahydro-ionol 115. 

Tetrahydro-ionone 124. 
Tetrahydro-isoquinolines, in Anhalonium 
lewinii 260. 

Tetrahydro-phoenicin 167, 

9,1 o, 12,13-a-Tetrahydroxy-octadecanoic 
acid 29. 

9.10.12.13- ^-Tetrahydroxy-oc tadecanoic 
acid 29. 

9.10.12.13- y-Tetrahydroxy-octadecanoic 
acid 29. 

9,1 o, 12,13-d-Tetrahydroxy-octadecanoic 
acid 29. 

Tetrahydroxy-stearic acid 29. 
Tetramethyl-i,2,5,6-naphtaiene 124, 126. 
Tetramethyl-(i ,1,6, io)-(oxo-3'-butyl)-5- 
decaline 130. 

Tetraoxy-/>-ben2ochinon 156. 
Tetraoxy-methyl-anthrachinon 201. 
Tetraphen-chinon 210. 
Tetronsaure-Derivate 171. 

Thiamin and fat 32. 

Thiamin and fatty acid biosynthesis 33. 
Thiamine, fluorescence 331. 

Thiazol, fluorescence 331. 

Thiochrome, fluorescence 331. 
2-Thiopterine 330. 

Thiouree 112. 

Thom apple (fat) 56. 

Threonine 292, 293. 

Thuja articulata 180. 


Thunnus thynnus 54. 

Thymochinon 175, 180. 

Tiglic acid 4. 

Tinea capitis 119. 

Toad venoms 273. 

Tobacco leaf virus 304. 

Tobacco mosaic virus, immunological test 
306. 

Tobacco mosaic virus and protein 
composition 305. 

Tobacco * mosaic virus, course of 
appearance 305. 

Tobacco seed fat 56. 

Tobacco seed, proteins 293. 

Tocopherol ii, 39, 52. 

Tocopherol in fat 55. 
a-Tocopherol 54. 
j?-Tocopherol 54. 
y-Tocopherol 54. 

< 5 -Tocopherol 54. 

Toluchinon 214. 

Toluchinon-Derivate 166. 

Tomato seed (fat) 15, 56. 

Tonoplast 296. 

Tortue no. 

Topographic spectrale (fluorescence) 345. 
Tornatenia-Aiten 174. 

Transaminase 220. 

Tree-cat 93. 

Triace tin, absorption 25. 

Tfibulus terrestris 179. 

Tributyrin, absorption 25. 

Tricaproin, absorption 25. 

Tricaprylin, absorption 25. 

Trichocereine 246, 248, 257, 259, 260. 
Trichocereine, pharm. effect 278. 
Trichocereus candicans 246, 248, 250, 252, 
254 » 255 - 

Triohocefeus huascha 250. 

Trichocereus lamprochlorus 248, 252, 254, 
255 - 

Trichocereus spachianus 248, 255. 
Trichocereus sp. aff. T. Terschechii 250. 
Trichocereus Terschechii 246, 248, 250, 
257» 259. 

Trichocereus thelegonus 250. 

Trichocereus ihelegonoides 250. 
Tricyclo-squal^e 126. 

Trielaeostearin 7. 

Trierucin 7. 

Triglycerides in com oil 9. 

Triglycerides, digestibility 2Z. 
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Triglyceride structure 6. 
9,10,12-Trihydroxy-octadecanoic acid 29. 
Trihydroxy-stearic acid 29. 

Triisovalerin, absorption 25. 

Trilaurin 7, 21. 

Trilaurin, absorption 25. 

Trilaurin, digestibility 22. 

Trilinolenin 7. 

Trilinolin 7. 

3:4:5-Trimethoxy-benzyl-methylamine 
258. 

Trimethoxy-phenylacetaldehyde 258. 
3:4:5-trimethoxy-/3-phenylethylamine 
257 - 

Trimethoxy-toluchinon 202. 
Trim^thyl-i,3,6-naphtal^ne 135. 
Trim6thyl-i,5,6-naphtal^ne 126. 

{—) - (Trimethyl-2,3,6-ph6nyl) -1 -butanol-3 
133 - 

Trim6thyl-2',3',6'-ph6nyl-i-butanone-3 
132. 133 - 

3.7.8- Trimethyl-tocol 54. 

Trimyristin 7, 21. 

Triolein 7. 

Triolein, digestibility 22. 

3.6.8- Trioxy-1,4-naphthochinon 198. 
Tripalmitin 7, 21. 

Triricinolin 7. 

Tristearin 7,21. 

Tristearin, digestibility 22. 

Tritisporin 165. 

Trixis pipizahua 180. 

Trypanosoma equiperdum 213, 221. 
Tryptamine 274. 

Tryptochrome 326. 

Tryptophane 292, 293, 302, 326. 
Tubifex-Ei, Chinonwirkung 209. 

Turtle (fat) 16. 

Tween 22, 80. 

Tyramine 253, 276. 

Tyramine, fluorescence 325. 

Tyramine, irradiation 256. 

Tyrosinase 268. 

Tyrosine 192, 269, 292, 293, 302. 
/-Tyrosine 195. 

Tyrosine, degradation bacterienne 135. 
Tyrosine, fluorescence 324. 

Tyrosol 255. 

Ucuhuba 3, 

Ultraviolet spectroscopy (fatty acids) 6. 
Umbelliferae oils 4. 


Unsaturated fatty acid in fats 3. 
Uracile, fluorescence 326. 

Urease 207, 295. 

Urease, Hemmung durch Chinon 218. 
Urine 143. 

Urine, fluorescence bleue 336, 337, 338. 
Urine (Jument gravide), acides 136. 
Urine (Jument gravide), phenols 135. 
Urine (Jument gravide). substances odo- 
rantes 132. 

Urine (Lapin) 131. 

Urine (Lapin), substances odorantes 131. 
Urine (Vert^br^s), substances odorantes 

131* 

Uroerythrine, fluorescence 338. 
Uroros6ine, fluorescence 338. 

Urothion, fluorescence 331. 

Ustilago 208. 

Vaccenic acid 38, 61. 

Vacuole 296. 

Vairon 329. 

Valine 292, 293. 

Vautour 110. 

Ventilago maderaspatana 188, 190. 
Vert^br^s, odorat 90. 

Vertdbrds, urine 114, 115. 

Virus formation and cytoplasmic proteins 

304- 

Viscum album 253. 

Visual color hallucination 278. 
Vitachromc, fluorescence 331, 332. 
Vitamin A 10, 38, 90. 

Vitamine A, fluorescence 344. 

Vitamin A in fat 52. 

Vitamin A ester 39. 

Vitamin Bg 338. 

Vitamin Bg and fat 35. 

Vitamin D 38. 

Vitamin D in fat 53. 

Vitamin Dg ii, 319. 

Vitamine Dg, reaction de fluorescence 317. 
Vitamine Dg 11, 317. 

Vitamine Dg, reaction de fluorescence 317. 
Vitamin E 11, 38, 39, 52. 

Vitamin E in fat 54, 55. 

Vitamin K 38. 

Vitamin K und Chinone 219. 

Vitamin Kj 176, 184. 

Vitamin Kg 156, 157. 

Vitamin-fat interrelationship 32. 

Viverra civetta 92. 
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Viv^ra malaccensis 93. 

Viverra tangalunga 93. 

Viverra zibetha 93. 

Vogan 344. 

WalnuBbaum 181. 

Walnut oil 55, 56. 

Watermelon seed (fat) 15, 56. 
Watermelon seed (proteins) 293. 
Wear and tear quota 39. 

Wheat germ oil 55. 

Whole wheat grains, proteins 291. 
Widest distribution (fatty acids) 7. 
Wool fat 3. 

Xanthine, fluorescence 326, 
Xanthin-oxydase 206. 

Xanthonia-Arten 174. 

Xanthophylles 115, 134. 
Xanthopt^rine, fluorescence 329. 
Xanthoria fallax 173. 


Xiphias gladius 53, 54. 

Xylia xylocorpa 3. 

/>-Xylochmon 214. 

Xylose, fluorescence 313. 

Yacarol 119, 120. 

Yellowfin tuna 52, 54. 

Yellowtail 52. 

Yohimbine, fluorescence 334. 
Zamfene 122. 

Zanthoxylum Clava HercuHs 256. 
Zea mays 302. 

Z^bu no. 

Zein, amino acid composition 292.. 
Zein, fractions 293. 

ZellauflOsung durch Chinone 210. 
Zibetkatze 93. 

Zorrino iix. 

Zymosterol 316. 
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